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(54) Transformer assembly and its use 

(57) A transformer comprising a bobbin formed by 
uniting a winding member, which has a primary winding 
and secondary winding and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the openings of the bore, and a 
ferromagnetic core having a core portion thereof 
inserted into the bore and including an enclosure for 
enclosing the windings is manufactured according to a 
process including an affixing step of firmly affixing both 
or either of the primary winding fixture and secondary 
winding fixture to the ferromagnetic core, an impregna- 
tion step of impregnating the transformer with a varnish, 
and an applying step of applying adhesrves. Thus, the 
anti-breakdown strength of a transformer can be 
improved, the performance of a ferrite core can be 
drawn out fully, and the transformer can be designed to 
be compact and lightweight. A components- mounted 
substrate is incorporated in a housing in which the com- 
ponents-mounted substrate is immobilized and locked 
in a direction parallel to the components- mounted sur- 
face thereof, in which when an impact load is imposed in 
a direction substantially orthogonal to the components- 
mounted surface, the components-mounted substrate is 
displaced by a given magnitude in order to absorb an 
impact, and in which a displacement whose magnitude 
is equal to or larger than the given magnitude is 
restrained in order to disperse the load. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a transformer 
assembling method, a transformer, and a transformer- 
mounted substrate, or to an art most preferably applica- 
ble to, for example, a transformer for switching power 
supply units using a ferrite core. More particularly, this 
invention is concerned with a power supply unit having 
a components-mounted substrate or a power supply 
unit included in a recording apparatus, for example, an 
AC adaptor used as a power supply for electronic equip- 
ment or a power supply unit connected to the AC adap- 
tor. 

In general, a switching power supply unit can be 
designed to be more compact and lightweight than a 
dropper power supply unit, and has the advantage of 
exhibiting high conversion efficiency. The switching 
power supply unit is therefore widely adopted for vari- 
ous usages ranging from the usage as a built-in power 
supply to be incorporated in a compact equipment to 
the usage as an AC adaptor. Since the switching power 
supply unit has thus prevailed, various kinds of elec- 
tronic equipment that are compact and lightweight can 
be readily carried about with females or children. The 
contribution of the switching power supply unit to indus- 
tries has been highly appreciated. 

Referring to the drawings, a transformer to be 
mounted on a substrate for this kind of switching power 
supply unit will be described briefly. In the front view of 
Fig. 46, a coil 103 is formed on a bobbin 102, and a core 
101 is inserted into the bore of the bobbin 102a. There- 
after, as shown in Fig. 47, an adhesive is applied to illus- 
trated regions or the transformer is impregnated with a 
varnish as shown in Fig. 48. Thus, a finished good is 
completed. 

Using the above components, the transformer 100 
is designed to be relatively flat, and mounted on a sub- 
strate. Thus, the transformer contributes to a compact 
and lightweight design of a power supply. 

However, when the transformer 100 designed to be 
compact and lightweight and mounted on a substrate is 
incorporated in a power supply unit, there arises a prob- 
lem that it may incur an excessive impact load because 
of improper handling during transportation. 

Moreover, when the transformer 1 00 designed to be 
compact and lightweight and mounted on a substrate is 
incorporated in a power supply to be used as an AC 
adaptor placed on a desktop, since a power cord may 
be hooked to cause such an event that the power supply 
falls off the desktop, unprecedented measures must be 
taken in order to enable the power supply to resist an 
excessive impact load. 

As already known, when an impact load works in 
this way, the excessive impact load is concentrated on 
the transformer whose weight is larger than the other 
various electronic components of the power supply. 



The broken state of a transformer is serious when 
an external force works, as shown in Fig 43, on a com- 
ponents-mounted substrate 20 in a direction of an arrow 
F. In other words, when an external force works, a 

5 moment oriented in a direction of an arrow M works on 
a transformer 100. A tensile force acts abruptly on one 
of thin parts 102a of the bobbin 102 firmly soldered to 
the pattern-printed area of the substrate 20 via lead pins 
12 connected to the secondary winding of the trans- 

7C former 1 00. As a result, as already known, a breakdown 
phenomenon or a phenomenon that a transformer is 
ruptured at the thin part 102a thereof takes place. 

A countermeasure against the rupture is such that 
the thin parts 1 02a united with both ends of the coil 1 03 

15 formed on the bobbin are, as shown in Fig. 44A that is 
the front view of the bobbin 102 and Fig. 44B that is the 
right-hand side view of the bobbin, chamfered for the 
purpose of reinforcement. The anti -breakdown strength 
of the bobbin 102 is thus improved. 

2c Another fixing method proposed is, as disclosed in 
Japanese Unexamined Patent Publication Nos. 6- 
96965 and 6-163278, such that a transformer itself is 
stowed in a housing for holding the whose transformer 
and gaps are filled with a resin 

25 Moreover, according to Japanese Unexamined Pat- 
ent Publication No. 9-214156, ribs are interposed 
between radiating plates that are components to be 
mounted on a substrate. Even when the substrate is 
dropped, the ribs prevent the substrate from deforming 

3c to an extent exceeding a limit. The anti-impact resistivity 
of the substrate is thus improved. 

Furthermore, in many cases, a containing means 
included in a power supply unit is composed of an upper 
case and lower case which are separated from each 

35 other up and down with a substrate between them Sup- 
porting members are extended from the upper case and 
lower case in order to immobilize the substrate horizon- 
tally and vertically. 

The sectional view of Fig. 45 shows an example of 

40 a known holding structure for a substrate. There are 
shown upper and lower cases 213 and 214 for an AC 
adaptor, a substrate 220 to be held by the cases, screws 
221 for tightening the upper case 213 and lower case 
214, a transformer 100, radiating plates 222 and 223, 

45 and an aluminum electrolytic capacitor 225. On each 
radiating plate, heat-dissipation components, for exam- 
ple, a power transistor, FET, and diode are fixed using 
screws. 

Ribs 213b that are supporting members succes- 
50 sively extending from the upper case 213 are abutting 
on the substrate 220 and thus locking it Ribs 214b are 
successively formed on the lower case 214, and abut- 
ting on and holding the bottom of the substrate 220. 
This helps the substrate 220 resist an impact load 
55 including a drop, and prevents deformation-based 
breakdown of the substrate 20. 

However, according to the known structure shown 
in Fig. 45, many members such as the ribs must be 
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formed inside the cases in order to prevent deformation 
of the substrate 20 as greatly as possible. 

Furthermore, in many cases, a containing means of 
a power supply unit is composed of an upper case and 
lower case that are separated from each other up and 
down with a substrate between them. Supporting mem- 
bers are extended from the upper case and lower case 
in order to immobilize the substrate horizontally and ver- 
tically. 

Referring to the drawings, a transformer to be 
mounted on a substrate for a switching power supply 
will be reiterated. Fig. 46 is a sectional view showing a 
major portion of a transformer 100 that has been gener- 
ally adopted in the past. The transformer and a core are 
impregnated with a varnish and thus secured. In this 
drawing, a coil 103 is formed on a bobbin 102, and a 
core 101 is inserted into the bore of the bobbin 102. 
Thereafter, adhesives 105 and 106 are applied to illus- 
trated regions. This results in a finished good. In Fig. 48, 
the whole outer circumference of the transformer is 
coated with a varnish 108, whereby a finished good is 
completed. 

In the above structures, the transformer 100 is 
placed to be relatively flat and then mounted on a sub- 
strate The transformer contributes to a compact and 
lightweight design of a power supply 

Next, a transformer to be mounted on a substrate 
for a switching power supply unit will be described 
briefly. Figs. 47 and 48 are oblique views of the appear- 
ance of a transformer 100 that has generally been 
adopted in the past. Fig. 47 shows a transformer of a 
type having a core secured using adhesives, and Fig. 
48 shows a transformer of a type having a core secured 
using a varnish with which the transformer is impreg- 
nated. 

In Fig. 47, a coil 1 03 is formed on a bobbin 1 02, and 
a core 101 is inserted into the bore of the bobbin 102. 
Thereafter, adhesives 105 and 106 are applied to illus- 
trated regions in order to secure the core, whereby a fin- 
ished good is completed. In Fig. 48, the whole outer 
circumference of the transformer is coated with a var- 
nish 108, whereby a finished good is completed. 

Whichever of the structures is adopted, the trans- 
former 100 is designed to be relatively flat and then 
mounted on a substrate. The structure constitutes to a 
compact and lightweight design of a power supply. 

However, there is a problem that after the trans- 
former 100 shown in Fig. 46, 47, or 48 is designed to be 
compact and lightweight and then mounted on a sub- 
strate, when the substrate is incorporated in a power 
supply unit, the substrate may incur an excessive 
impact load because of improper handling during trans- 
portation. 

When a power supply including the transformer 100 
designed to be compact and lightweight and mounted 
on a substrate is used as an AC adaptor placed on a 
desktop, a power cord may be hooked to cause such an 
event that the power supply falls off the desktop. This 



makes it necessary to take unprecedented measures. 

As already known, when an impact load thus works, 
an excessive impact load is concentrated on the trans- 
former, which is heavier than the other various elec- 

5 tronic components of the power supply unit. 

The broken state of a transformer is serious when 
an external force works, as shown in Fig. 43, on a com- 
ponents-mounted substrate 20 in a direction of an arrow 
F. In other words, when an external force works, a 

io moment oriented in a direction of an arrow M acts on the 
transformer 100. At this time, a tensile force is applied 
abruptly to one of thin parts 102a of the bobbin 102 
fixed to a pattern -printed area of the substrate 20 by 
way of lead pins 1 1 and 12 of the transformer 100. As a 

15 result, a breakdown phenomenon or a phenomenon 
that a transformer is ruptured at the thin part 102a takes 
place. 

A countermeasure against the rupture is such that 
the thin parts 102a united with both ends of the coil 103 

20 formed on the bobbin are chamfered for the purpose of 
reinforcement. The ant i -breakdown strength of the bob- 
bin 1 02 is thus improved 

Another fixing method is, as disclosed in Japanese 
Unexamined Patent Publication No. 6-96965 or 6- 

25 163278, such that a transformer itself is stowed in a 
housing case for holding the whole transformer and 
gaps are filled with a resin. 

However, the method for improving anti -breakdown 
strength by chamfering the thin parts 102a of the bobbin 

30 102 has a problem that since the precision in outer 
dimensions of a ferrite core employed greatly differs 
from one to another, a gap may be created by the side 
of a ferrite core and the transformer may therefore fail to 
resist an excessive impact load such as a drop. 

35 Moreover, supposing the whole bobbin 102 were 
made thicker in order to improve the strength of the bob- 
bin 102 and chamfered sufficiently, an effective window 
of a large area cannot be defined for the transformer. 
This poses a problem that the performance of the ferrite 

40 core inserted into the bore of the bobbin cannot be 
exerted fully. 

As disclosed in Japanese Unexamined Patent Pub- 
lication No. 7-300561, a method using a resin, which 
enjoys high mechanical strength, as a material for a 

45 bobbin has been proposed. However, a material usable 
for the bobbin of a transformer must clear the UL stand- 
ards and other safety standards stipulated by each 
nation. The material satisfying these standards costs 
considerably higher than any known material. From the 

so viewpoint of the use practice in markets, there is a prob- 
lem that the use of an unprecedented material is 
accompanied by a great risk. 

Furthermore, as described in the Japanese Unex- 
amined Patent Publication Nos. 6-96965 and 6-163278, 

55 the method of stowing the whole transformer in a hous- 
ing case and sealing the housing case with a resin has 
drawbacks that extra cost is required and that the merit 
of a compact and lightweight design characterizing a 
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switching power supply unit cannot be fully exerted. By 
the way, as disclosed in Japanese Unexamined Patent 
Publication No. 7-300561, a method using a resin, 
which enjoys high mechanical strength, as a material of 
a bobbin has been proposed. However, since a material 
to be made into a bobbin of a transformer must clear the 
UL standards and other safety standards stipulated by 
each nation. The material satisfying all the standards 
costs considerably higher than known materials. From 
the viewpoint of the use practice in markets, there is a 
problem that the use of an unprecedented material is 
accompanied by a great risk. 

Furthermore, according to the known structure 
shown in Fig. 45, many members such as ribs must be 
formed within the cases in order to restrain the sub- 
strate 20 from deforming as greatly as possible. 

(a) A change in thickness of an upper or lower case 
and a change in flow of a molding material gets 
larger to affect the quality of the cases. 

(b) The contact state of ribs to a substrate becomes 
different from one substrate to another because of 
the uncertainty in precision of the heights of the 
ribs. Some of the ribs may not work as supporting 
members. Moreover, when some ribs are jutting out 
of other ribs and abutting on the substrate, a con- 
centrated stress is applied to the substrate. The 
applied region of the substrate may crack. 

(c) When the number of supporting members that 
are ribs increases, deformation of a substrate 
caused by an impact load will be avoided reliably. 
However, an impact load calculated by multiplying 
the weights of components mounted on the sub- 
strate by an acceleration does not vary at all. The 
load is therefore concentrated on soldered parts or 
fixtures for fixing mounted components to the sub- 
strate. This poses a problem that a land may be 
peeled off or a cohesive failure of solder may occur. 
This trend is outstanding in relation to a heavy 
transformer. 

SUMMARY OF THE INVENTION 

The present invention attempts to solve the forego- 
ing problems. An object of the present invention is to 
provide a transformer assembling method, a trans- 
former, and a transformer-mounted substrate in which 
the anti -breakdown strength of a transformer can be 
improved, the performance of a ferrite core can be 
drawn out fully, and the transformer can be designed to 
be compact and lightweight. More particularly, an object 
of the present invention is to provide a transformer 
capable of being produced to resist a drop according to 
the on-going process of manufacturing a transformer 
without the use of any special component or material. 

Another object of the present invention is to provide 
a transformer assembling method, a transformer, and a 
transformer-mounted substrate in which the anti-break- 



down strength of a transformer can be improved, the 
performance of a ferrite core can be fully drawn out, and 
the transformer can be designed to be compact and 
lightweight. 

5 Another object of the present invention is to provide 

a power supply unit in which when an impact load is 
applied, a substrate is deformed properly at a large 
radius of curvature but a stress larger than a breaking 
stress will not be imposed on mounted components, 

io and a recording apparatus including the power supply 
unit. 

Since a recording apparatus requires a power sup- 
ply and a main unit of the recording apparatus should be 
designed compactly and used in common, an AC adap- 
ts tor is often used as a power supply. For use at offices or 
on desks, an event that the AC adaptor is dropped 
because of routing of a cable or the compact design of 
the AC adaptor often takes place. The present invention 
also attempts to cope with the event. 

20 The supply voltage for compact electronic equip- 

ment including the recording apparatus is different from 
nation to nation. A power supply unit suitable for a des- 
tination to which an equipment is delivered must be 
included in the equipment The compact electronic 

25 equipment including the recording apparatus often 
adopt a detachable AC adaptor as a power supply unit 
due to the easiness in production and management. 
This is intended to pack an electronic equipment and 
AC adaptor immediately according to a market trend 

30 and then deliver them to a destination. The AC adaptor 
is not attached to a main unit of the equipment but 
packed together with the main unit. 

A user purchases the thus packed product, 
unpacks it, and attach the AC adaptor to the main unit. 

35 At this time, an excessive impact load may be imposed 
on the AC adaptor because of improper handling of the 
AC adaptor during transportation. This is an unprece- 
dented problem. 

For simplifying management of specifications for 

40 overseas versions of recording apparatuses including 
an ink-jet printer, the present invention attempts to facil- 
itate the common use of a main unit and power supply. 

For accomplishing the above objects, a transformer 
assembling method for producing a transformer by 

45 assembling a bobbin formed by uniting a winding mem- 
ber, which has a primary winding and secondary wind- 
ing and a bore formed thereon and therein, with a 
primary winding fixture and secondary winding fixture 
coupled with the openings of the bore, and a ferromag- 

50 netic core having a core portion thereof inserted into the 
bore and including an enclosure for enclosing the wind- 
ings is characterized by an affixing step of firmly affixing 
both or either of the primary winding fixture and second- 
ary winding fixture to the ferromagnetic core using a 

55 thermosetting adhesive. 

A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding and 
secondary winding and a bore formed thereon and 
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therein, with a primary winding fixture and secondary 
winding fixture adjoining the openings of the bore, and a 
ferromagnetic core having a core portion thereof 
inserted into the bore and including an enclosure for 
enclosing the windings is characterized in that a ther- 5 
mosetting adhesive is used to affix firmly both or either 
of the primary winding fixture and secondary winding 
fixture to the ferromagnetic core. 

Moreover, a transformer-mounted substrate that is 
a substrate on which a transformer comprising a bobbin 1c 
formed by uniting a winding member, which has a pri- 
mary winding and secondary winding and a bore 
formed thereon and therein, with a primary winding fix- 
ture and secondary winding fixture adjoining the open- 
ings of the bore in one united body, and a ferromagnetic is 
core having a core portion thereof inserted into the bore 
and including an enclosure for enclosing the windings is 
mounted is characterized in that a thermosetting adhe- 
sive is used to firmly affix both or either of the primary 
winding fixture and secondary winding fixture to the fer- 20 
romagnetic core. 

Moreover, a transformer assembling method for 
producing a transformer by assembling a bobbin formed 
by uniting a winding member, which has a primary wind- 
ing and secondary winding and a bore formed thereon 25 
and therein, with a primary winding fixture and second- 
ary winding fixture adjoining the openings of the bore, 
and a ferromagnetic core having a core portion thereof 
inserted into the bore and including an enclosure for 
enclosing the windings is characterized by a placement 30 
step of placing a basic material used to form an impact 
absorbent in spaces defined by the primary winding fix- 
ture and secondary winding fixture and the ferromag- 
netic core, and an impregnation step of impregnating 
the transformer with an impregnation material such as a 35 
varnish. 

Moreover, a transformer comprising a bobbin 
formed by uniting a winding member, which has a pri- 
mary winding and secondary winding and a bore 
formed thereon and therein, with a primary winding fix- 40 
ture and secondary winding fixture adjoining the open- 
ings of the bore, and a ferromagnetic core having a core 
portion thereof inserted into the bore and including an 
enclosure for enclosing the windings is characterized in 
that a basic material used to form an impact absorbent 45 
is placed in spaces defined by the primary winding fix- 
ture and secondary winding fixture and the ferromag- 
netic core, and the transformer is impregnated with an 
impregnation material such as a varnish. 

Moreover, a transformer-mounted substrate that is so 
a substrate on which a transformer comprising a bobbin 
formed by uniting a winding member, which has a pri- 
mary winding and secondary winding and a bore 
formed thereon and therein, with a primary winding fix- 
ture and secondary winding fixture adjoining the open- 55 
ings of the bore, and a ferromagnetic core having a core 
portion thereof inserted into the bore and including an 
enclosure for enclosing the windings is characterized in 



that a basic material used to form an impact absorbent 
is placed in spaces defined by the primary winding fix- 
ture and secondary winding fixture and the ferromag- 
netic core, and that the transformer is impregnated with 
an impregnation material such as a varnish. 

Moreover, a transformer assembling method for 
producing a transformer by assembling a bobbin formed 
by uniting a winding member, which has a primary wind- 
ing and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and second- 
ary winding fixture adjoining the bore, and a ferromag- 
netic core having a core portion thereof inserted into the 
bore is characterized by an affixing step at which a ther- 
moplastic adhesive is used to affix the outer circumfer- 
ences of the windings opposed to the components - 
mounted surface of a substrate to the ferromagnetic 
core, and to affix the primary winding fixture and sec- 
ondary winding fixture of the bobbin to the ferromag- 
netic core. 

Moreover, a transformer comprising a bobbin 
formed by uniting a winding member, which has primary 
and secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the bore, and a ferromagnetic 
core having a core portion thereof inserted into the bore 
is characterized in that a thermoplastic adhesive is used 
to affix the outer circumferences of the windings 
opposed to the components-mounted surface of a sub- 
strate to the ferromagnetic core and to affix the primary 
winding fixture and secondary winding fixture of the 
bobbin to the ferromagnetic core. 

Moreover, a transformer- mounted substrate that is 
a substrate on which a transformer comprising a bobbin 
formed by uniting a winding member, which has primary 
and secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the openings of the bore, and a 
ferromagnetic core having a core portion thereof 
inserted into the bore is mounted on the components- 
mounted surface thereof is characterized in that a ther- 
moplastic adhesive is used to affix the outer circumfer- 
ences of the windings opposed to the components- 
mounted surface of a substrate to the ferromagnetic 
core and to affix the primary winding fixture and second- 
ary finding fixture of the bobbin to the ferromagnetic 
core. 

Moreover, a transformer assembling method for 
producing a transformer by assembling a bobbin formed 
by uniting a winding member, which has primary and 
secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the bore, and a ferromagnetic 
core having a core portion thereof inserted into the bore 
and including an enclosure for enclosing the windings is 
characterized by an affixing step of affixing the ferro- 
magnetic core to the primary winding fixture and sec- 
ondary winding fixture. 

Moreover, a transformer comprising a bobbin 
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formed by uniting a winding member, which has primary 
and secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the bore, and a ferromagnetic 
core having a core portion thereof inserted into the bore 
and including an enclosure for enclosing the windings is 
characterized in that the ferromagnetic core is affixed to 
the primary winding fixture and secondary winding fix- 
ture. 

Moreover, a transformer -mounted substrate that is 
a substrate on which a transformer comprising a bobbin 
formed by uniting a winding member, which has primary 
and secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the bore, and a ferromagnetic 
core having a core portion thereof inserted into the bore 
and including an enclosure for enclosing the windings is 
mounted is characterized in that a transformer having 
the ferromagnetic core affixed to the primary winding 
fixture and secondary winding fixture is mounted. 

Moreover, a transformer assembling method for 
producing a transformer by assembling a bobbin formed 
by uniting a winding member, which has primary and 
secondary windings and a bore formed thereon and 
therein, with a primary winding fixture and secondary 
winding fixture adjoining the bore, and a ferromagnetic 
core having a core portion thereof inserted into the bore 
and including an enclosure for enclosing the windings is 
characterized in that at an affixing step of affixing the 
ferromagnetic core to the primary winding fixture and 
secondary winding fixture, a first adhesive and second 
adhesive having mutually different hardness levels are 
used. 

Moreover, a transformer comprising a bobbin 
formed by uniting a winding member, which has a pri- 
mary winding and secondary winding and a bore 
formed thereon and therein, with a primary winding fix- 
ture and secondary winding fixture adjoining the bore, 
and a ferromagnetic core having a core portion thereof 
inserted into the bore and including an enclosure for 
enclosing the windings is characterized in that a first 
adhesive and second adhesive having mutually different 
hardness levels are used to affix the ferromagnetic core 
to the primary winding fixture and secondary winding 
fixture. Moreover, a transformer-mounted substrate that 
is a substrate on which a transformer comprising a bob- 
bin formed by uniting a winding member, which has pri- 
mary and secondary windings and a bore formed 
thereon and therein, with a primary winding fixture and 
secondary winding fixture adjoining the bore, and a fer- 
romagnetic core having a core portion thereof inserted 
into the bore and including an enclosure for enclosing 
the windings is mounted is characterized in that a trans- 
former using a first adhesive and second adhesive hav- 
ing mutually different hardness levels at an affixing step 
of affixing the ferromagnetic core to the primary winding 
fixture and secondary winding fixture is mounted. 

Moreover, a power supply unit including a compo- 



nents-mounted substrate having a transformer mounted 
thereon is characterized in which the components- 
mounted substrate is incorporated in a containing 
means including locking members for immobilizing and 

5 locking the components-mounted substrate in a direc- 
tion parallel to the components-mounted surface of the 
components-mounted substrate, and restraining mem- 
bers that when an impact load is imposed in a direction 
substantially orthogonal to the components -mounted 

to surface, allows the components- mounted substrate to 
be displaced by a given magnitude and thus absorb an 
impact, and that restrains a displacement whose magni- 
tude is equal to or larger than the given magnitude so as 
to disperse the load. 

15 Moreover, a power supply unit including a compo- 

nents-mounted substrate having a transformer mounted 
thereon is characterized in that the components- 
mounted substrate is incorporated in a containing 
means including locking members for immobilizing and 

20 locking the components-mounted substrate in a direc- 
tion parallel to the components-mounted surface of the 
components-mounted substrate and restraining mem- 
bers that when an impact load is imposed in a direction 
substantially orthogonal to the components-mounted 

25 surface, allows the components- mounted substrate to 
be displaced by a given magnitude and thus absorb an 
impact, and that restrains a displacement whose magni- 
tude is equal to or larger than the given magnitude so as 
to disperse the load, and in that a connecting means is 

30 included for making it possible to freely attach or detach 
the power supply unit to or from a power supply stowage 
of a recording apparatus and for mechanically and elec- 
trically connecting the power supply unit to the power 
supply stowage. 

35 The present invention is not, needless to say, lim- 
ited to the aforesaid working modes, but can apply to 
various working modes restricted to those set forth in 
the claims. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view for explaining a structure 
for holding a substrate in accordance with the first 
embodiment of the present invention, 

45 Fig. 2 is a sectional view showing a structure in 

accordance with the second embodiment; 
Figs. 3A and 3B are sectional views showing defor- 
mations of a substrate 20 shown in Fig. 2 derived 
from an impact; 

so Fig. 4 is an oblique view showing a structure in 

accordance with the third embodiment; 
Fig. 5 is an oblique view showing a structure in 
accordance with the fourth embodiment; 
Fig. 6 is a sectional view of the structure shown in 

55 Fig. 5; 

Fig. 7 is a plan view showing the structure of a 
transformer in accordance with the fifth embodi- 
ment; 
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Fig. 8 is a front view of the structure shown in Fig. 7; 
Fig. 9 is a plan view showing the structure of a 
transformer in accordance with the sixth embodi- 
ment; 

Fig. 10 is a front view of the structure shown in Fig. 5 
9; 

Fig. 11 is an oblique view showing the structure of a 
transformer in accordance with the seventh embod- 
iment which is seen from the bottom thereof; 
Fig. 12 is a front view of the transformer, which is io 
shown in Fig. 1 1 , mounted on a substrate; 
Fig. 13 is an oblique view showing the structure of a 
transformer in accordance with the eighth embodi- 
ment which is seen from the bottom thereof; 
Fig 14 is a front view of the transformer, which is is 
shown in Fig. 13, is mounted on a substrate, 
Fig. 15 is a front view of the structure of a trans- 
former in accordance with the ninth embodiment; 
Fig 16 is an oblique view of a transformer having a 
known structure; 20 
Fig 17 is an oblique view of a transformer having a 
known structure; 

Fig. 18 is a front view showing a transformer 10 in 

accordance with the tenth embodiment mounted on 

a substrate with part of the transformer broken; 25 

Fig 1 9 is an enlarged view of a major portion of the 

transformer shown in Fig. 18; 

Fig 20 is an oblique view of a transformer mounted 

on a substrate; 

Fig. 21 is an enlarged sectional view of a major por- 30 
tion of a transformer in accordance with the tenth 
embodiment; 

Fig 22 is an enlarged sectional view of a major por- 
tion of a transformer in accordance with the elev- 
enth embodiment; 35 
Fig 23 is a flowchart describing a transformer 
assembling process; 

Fig 24 is an oblique view showing a transformer 10 
in accordance with the twelfth embodiment which is 
seen from the components-mounted surface of a 40 
substrate; 

Fig 25 is an oblique view showing a transformer 10 
mounted on a substrate 20; 

Fig 26 is an A- A sectional view of the transformer 
shown in Fig. 25; 45 
Fig. 27 is an oblique view showing a transformer 10 
in accordance with the thirteenth embodiment 
which is seen from the components -mounted sur- 
face of a substrate 20; 

Fig 28 is an oblique view showing a transformer 10 so 
in accordance with the fourteenth embodiment 
which is seen from the components- mounted sur- 
face of a substrate 20; 

Figs. 29A. 29B, and 29C are back views of a trans- 
former; 55 
Fig. 30 is a plan view showing the structure of a 
transformer in accordance with the fifteenth embod- 
iment; 
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Fig. 31 is a front view of the structure shown in Fig. 
30; 

Fig 32 is a plan view showing the structure of a 
transformer in accordance with the sixteenth 
embodiment; 

Fig. 33 is a front view of the structure shown in Fig. 
32; 

Fig. 34 is a front view showing the structure of a 
transformer in accordance with the seventeenth 
embodiment; 

Fig. 35 is a plan view showing a transformer in 
accordance with the eighteenth embodiment; 
Fig. 36 is a front view of the transformer, which is 
shown in Fig. 35, mounted on a substrate 20; 
Fig. 37 is an oblique view showing a transformer in 
accordance with the nineteenth embodiment which 
is seen from the bottom thereof (the components- 
mounted surface of a substrate); 
Fig. 38 is a front view of the transformer shown in 
Fig. 37; 

Fig. 39 is a plan view of a transformer in accord- 
ance with the twentieth embodiment; 
Fig. 40 is a front view of the transformer shown in 
Fig 39; 

Fig 41 is an oblique view of a transformer in 
accordance with the twenty-first embodiment which 
is seen from the bottom thereof; 
Fig. 42 is a front view of the transformer shown in 
Fig. 41 ; 

Fig. 43 is a front view showing a transformer broken 
down during known mounting of a transformer; 
Fig 44A is a front view of a bobbin of a known 
transformer; 

Fig. 44B is a right-hand side view of the bobbin of a 
known transformer; 

Fig. 45 is a sectional view of an example of a known 

structure for holding a substrate; 

Fig. 46 is a front view of a known transformer that is 

mounted; 

Fig. 47 is an oblique view showing the appearance 
of a known transformer; and 
Fig. 48 is an oblique view showing the appearance 
of a known transformer, showing that transformer is 
fixed by different way from Fig. 47. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the present invention will 
be described with reference to the appended drawings. 

Fig. 1 is a sectional view showing a major portion in 
accordance with the first embodiment of the present 
invention In the drawing, a substrate 20 on which elec- 
tronic components are mounted is shaped as illustrated 
by using a given resin material, and used to construct 
an AC adaptor serving as a power supply unit. Bosses 
1 3a and 1 4a for screwing upper and lower cases 1 3 and 
1 4 so as to join the upper and lower cases with the sub- 
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strate between them are formed as illustrated, whereby 
the substrate 20 is immobilized and locked horizontally. 

Moreover, ribs 13b and 14b serving as stoppers 
that are restraining members for restricting deformation 
are molded as parts of the cases, so that an excessive 5 
deformation leading to a breakdown can be prevented 
in case the substrate is deformed by an impact load or 
the like. 

The upper and lower cases 13 and 14 are secured 
with the substrate 20 between them by tightening io 
screws 21 and thus united with each other. This assem- 
bly is handled as a power supply unit and can be 
replaced with another. A transformer 10 that is heavier 
than the other mounted components is mounted so that 
primary winding pins 11 and secondary winding pins 12 15 
are, as illustrated, arranged in the longitudinal direction 
of the substrate 20. 

Moreover, heat-dissipation components, for exam- 
ple, a power transistor, FET, and diode are screwed to 
radiating plates 22 and 23 mounted on the substrate 20. 2c 
Moreover, fixing terminals 22a, 22b, 23a, and 23b are 
inserted into though holes bored in the substrate 20 and 
then firmly soldered to patterned lands. Thus, mechani- 
cal strength is ensured An aluminum electrolytic capac- 
itor 25 is mounted between the radiating plates 22 and 25 
23 by soldering leads 25a and 25b as illustrated. 

In the above example of the structure, the heights of 
the ends of the ribs from the substrate are determined 
so that gaps g1, g2, g3, and g4 can be, as illustrated, 
defined between the ends of the ribs 13b and 14b and 30 
the face and back of the substrate 20. 

Owing to the presence of the gaps, when the power 
supply unit is used as, for example, an AC adaptor as 
mentioned above, if the power supply unit is acciden- 
tally dropped and therefore undergoes an impact load, 35 
the substrate 20 may be temporarily warped upward in 
the drawing. Nevertheless, only when the magnitude of 
displacement corresponds to the gap gl or g2, the sub- 
strate comes into contact with the ribs 13b and is pre- 
vented from deforming further. The substrate can 40 
therefore be prevented from breaking down. 

Moreover, when the AC adaptor undergoes an 
impact oriented in a direction opposite to the above 
direction, if the substrate 20 is deformed in the opposite 
direction, the substrate comes into contact with the ribs 45 
14b serving as stoppers and is prevented from further 
deforming and breaking down. In this case, the dimen- 
sions of the gaps g1 , g2, g3, and g4 can be determined 
freely according to the degree by which the substrate 
may be deformed. Whatever kind of impact can there- sc 
fore be coped with. Moreover, the positions of the ribs 
can be determined optimally in consideration of the 
positions of components mounted on the substrate 

Fig. 2 is a sectional view showing a major portion in 
accordance with the second embodiment of the present 55 
invention. In the drawing, the same reference numerals 
are assigned to the components that have already been 
described. The description of the components will be 



omitted. 

The radiating plates 22 and 23 dissipate heat when 
a heat-generate component, for example, a power tran- 
sistor 26 is screwed to them. The heights of the radiat- 
ing plates from the substrate are determined so that 
gaps g5 and g6 will be created between the radiating 
plates and the inner wall surface of the upper case 13. 
The fixing terminals 22a, 22b, 23a, and 23b used to fix 
the radiating plates to the substrate 20 are, as illus- 
trated, extending downward. Gaps g7, g8, g9, g10, g1 1 , 
and gi2 are created between the fixing terminals and 
the inner wall surface of the lower case 14. 

In the foregoing structure, as illustrated in the 
explanatory diagrams of Figs. 3 A and 3B concerning 
operations, when an external force works on the AC 
adaptor in, for example, a direction of an arrow F1 in 
Fig. 3 A, if the substrate 20 is deformed to warp upward 
in the drawing, an end 22t of the radiating plate 22 abuts 
on the inner wall of the upper case 13. This prevents the 
substrate from deforming further. 

Referring to Fig. 3B, when an external force works 
in a direction of an arrow F2, the ends 22aa and 22bb of 
the fixing terminals 22a and 22b used to fix the radiating 
plate to the substrate abut on the inner wall of the lower 
case 14. This prevents the substrate from deforming fur- 
ther. Owing to this structure, the necessity of ribs can be 
obviated. Moreover, like the first embodiment, the 
dimensions of the gaps g5 to g12 can be determined 
independently according to the degree by which the 
substrate may be deformed. 

Fig. 4 is an oblique view showing the third embodi- 
ment. In the drawing, there are shown lead terminals 
25a and 25b for the aluminum electrolytic capacitor 25, 
lands 20a for soldering included in a pattern printed on 
the back of the substrate 20 that is the surface thereof to 
be soldered, and copper-foil exposed parts 20b not 
coated with a resist. 

In the above structure, the copper-foil exposed 
parts are coated with solder during flowing or ref lowing. 
The coating helps improve the strength of the surfaces 
of feeble parts of the substrate. Eventually, the flexural 
strength of the substrate can be improved partly. 

Fig. 5 is an oblique view showing the fourth embod- 
iment. Fig. 6 is a sectional view of the structure shown 
in Fig. 5. 

In the drawings, the same reference numerals are 
assigned to the components that have already been 
described. The description of the components will be 
omitted. The foregoing transformer is put in a containing 
means composed of the upper and lower cases 1 3 and 
14. Besides, a sideways elongated substrate 20 indi- 
cated with a dashed line is incorporated in the contain- 
ing means. For enabling this assembly to be replaced 
with a new one in one united body, a connecting means 
is included for making it possible to freely attach or 
detach the assembly to or from a power supply stowage 
56 of an ink-jet printer 50 that is a recording apparatus, 
and for mechanically and electrically connecting the 
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assembly to the power supply stowage. 

Owing to the above structure, when an impact load 
oriented vertically is imposed on the printer 50, the sub- 
strate 20 is displaced by a given magnitude in order to 
absorb the impact. A displacement whose magnitude is 
equal to or larger than the given magnitude is restrained 
by the ribs 1 3b and 1 4b and others, whereby the impact 
load is dispersed. 

The power supply stowage 56 therefore includes, 
as illustrated, locking hooks 56a used for mechanical 
locking the containing means and side guiding projec- 
tions 56b. A guide ditch 14c is bored in both side sur- 
faces of the power supply unit (AC adaptor), and an 
opening 1 4h serving as an inlet 1 5 is formed in the back 
of the AC adaptor. An inlet 36 is joined with the inlet 15. 

In the above structure, the printer 50 and AC adap- 
tor are mutually separated. For use, however, the printer 
and AC adaptor are united. 

In Fig. 6, concave locking portions 14c are formed 
in the bottom of the lower case 14 of the AC adaptor. 
When distal regions 56aa of the locking hooks 56a are 
fitted into the locking portions, the AC adaptor is locked. 
In the AC adaptor, a DC connector 30 to be plugged in 
a socket 31 formed inside the power supply stowage 56 
of the printer 50 is mounted on a second substrate 27 
connected to the substrate 20 over a power line 28. 

In the above structure, talking of the printer 50 and 
AC adaptor that are mutually separated, when the AC 
adaptor is inserted into the printer, the projections 56b 
are fitted into the guide ditches 14c. The hooks 56a is 
then pressed down by the bottom of the AC adaptor. 
When the AC adaptor is further inserted, it is locked by 
the locking portions 1 4c. In the meantime, the socket 31 
of the printer is joined with the connector 30. Thus, 
power can be supplied from the AC adaptor to the 
printer. Thereafter, when a cable 36 is plugged into the 
inlet 15, line connection is completed. 

In the above structure, the connecting means is 
included for making it possible to freely attach or detach 
the AC adaptor to or from the power supply stowage 56 
of the ink-jet printer 50, and for mechanically and elec- 
trically connecting the AC adaptor to the power supply 
stowage. The AC adaptor is therefore freely attachable 
or detachable. Moreover, the impact load is imposed 
only on the substrate 20. Since the socket 31 is 
mechanically separated from the substrate by means of 
the power line 28, no load is applied to the socket. 

As mentioned above, the process of manufacturing 
a component or transformer will not be modified at all. 
This is advantageous cost- wise. Products can be man- 
aged for each destination and the cost of each product 
can be reduced because the product is cordless and 
managing in each destination Moreover, even when 
measures must be taken against an impact depending 
on what components are to be mounted on a substrate, 
since the contour of a housing is very simple, molding is 
easy to do. This is especially advantageous when 
emphasis is put on appearance. 



The configuration of an ink-jet printer typical of a 
recording apparatus in accordance with the present 
invention will be described briefly. Referring to Fig. 6, a 
carriage 51 engaged with a screw ditch for a lead screw 

5 to be rotated by a driving force conveyer gear respon- 
sively to the forward or reverse rotation of a driving 
motor 52 has a pin (not shown) and is reciprocated over 
the face and back of paper. The carriage 51 has an ink- 
jet cartridge 56 mounted thereon Paper 55 is pressed 

to against a platen 53 by a paper presser along with the 
movement of the carriage, and driven by a given magni- 
tude by means of a roller 54. Capping, cleaning, and 
suction and restoration are carried out at associated 
positions due to the operation of the lead screw when 

7 5 the carriage comes to a home position. Anyhow, the 
capping, cleaning, and suction and restoration should 
merely be carried out according to known timing. 

In the above structure, when an impact load is 
imposed on the transformer, the impact load causes the 

20 heavy core to impose a force on the bobbin. However, 
since the core and bobbin of the transformer are cou- 
pled with each other over a wide area, a stress is so 
small that the transformer will not be broken down. 

Furthermore, the recording apparatus in accord- 

25 ance with the present invention may be of a type that 
serves as an image output terminal and that is united 
with or separated from an information processing equip- 
ment such as a computer, a type serving as a copier 
including a reader or the like, or a type serving as a fac- 

30 simile system having the transmission and reception 
functions. As mentioned above, the substrate should 
merely be designed so that a radius of curvature at a 
point on the substrate to be observed when the sub- 
strate is deformed will be large. When the substrate is 

35 held in a narrow space, even if the substrate is 
deformed little, the radius of curvature becomes small. 
Therefore, efforts should be made not to hold the sub- 
strate in a narrow space. 

When a deformation is not restrained at all, it leads 

40 to a breakdown. A deformation is therefore restrained 
by a component other than a substrate which has a 
restraining function. In this case, since the substrate 
itself need not be reinforced, the freedom in selecting a 
material to be made into the substrate expands. In other 

45 words, the freedom in selecting a material to be made 
into the substrate can be maintained and the substrate 
can be protected from an impact. If the substrate is flex- 
ible, it takes some time for the substrate to deform. A 
load imposed on a soldered area by a component will 

so therefore be dispersed temporally. Eventually, an impact 
can be alleviated. 

Since a recording apparatus requires a power sup- 
ply, and a main unit of the recording apparatus is 
requested to be compact and used in common, an AC 

55 adaptor is often used as the power supply. Especially, 
recording apparatuses designed for use at offices or on 
desks employ the AC adaptor. Under the circum- 
stances, the AC adaptor may be accidentally dropped 
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during routing of a cable or during handling because of 
the compact design According to the present invention, 
such an event can be prevented. 

For simplifying management of destinations of an 
ink-jet printer, a main unit of the printer is requested to 
be used in common It is also requested that a power 
supply can be used in common and an equipment can 
be handled easily. For meeting these requests, it is con- 
sidered to make the equipment cordless. Removing a 
power cord is thought to reduce cost at the same time. 
From these viewpoints, the main unit, power supply, and 
cord are supplied separately, and the main unit and 
power supply are used in common. A printer and power 
supply suitable for a destination are selected and then 
assembled by a user. Owing to this system, destinations 
can be managed easily, and the delivery of an equip- 
ment in a cordless state in which the equipment can be 
handled easily can be realized. 

The system will prove advantageous especially 
when a printer and AC adaptor are assembled by a 
user. Since the AC adaptor is a separate unit until a user 
assembles the AC adaptor and printer, the AC adaptor 
may undergo an impact load such as a drop. The AC 
adaptor must be protected from the impact load. 

An AC adaptor having excellent anti -impact 
strength can be provided separately from a main equip- 
ment such as a recording apparatus or printer. This 
enables common use of the main unit and AC adaptor. 
Destinations of products can be managed readily, and 
products having excellent structures can be provided. 
When ribs are employed, an AC adaptor having excel- 
lent anti-impact strength can be realized without an 
increase in cost. When components such as radiating 
plates and a transformer are employed, an AC adaptor 
having excellent anti-impact strength can be realized 
without any impairment of the appearance of a housing. 

As mentioned above, according to the present 
invention, there are provided a power supply unit in 
which when an impact load is applied, a substrate is 
deformed properly at a large radius of curvature and in 
which a stress equal to or larger than a breaking stress 
will not be imposed on mounted components, and a 
recording apparatus including the power supply unit. 

In addition, since a recording apparatus requires a 
power supply and a main unit of the recording appara- 
tus should be designed compactly and used in com- 
mon, an AC adaptor is often used as the power supply. 
For use especially at offices or on desks, the event that 
the AC adaptor is dropped during routing of a cable or 
during handling because of the compact design takes 
place frequently According to the present invention, 
precautions can be taken against the event. 

For simplifying management of specifications for 
overseas versions of a recording apparatus such as an 
ink-jet printer, a main unit of the recording apparatus 
and a power supply can be used in common. 

Next, Fig 7 is a plan view showing the structure of 
a transformer in accordance with the fifth embodiment, 



and Fig. 8 is a front view of the structure shown in Fig. 
7. In Figs. 7 and 8, the transformer employed in a 
switching power supply unit is, as illustrated, composed 
of a core 1 made of a ferrite, a bobbin made of a resin 

5 and used to wind a wound material, and a winding 
member that is a coil made by winding a wound material 
used to form windings, an inter-layer insulating tape, 
and a barrier tape used to space the primary and sec- 
ondary windings in order to meet safety standards 

ic according to a given winding method. 

An adhesive 4 that is an affixing means for securing 
the bobbin 2 and core 1 is applied to a total of four 
regions at the ends of the primary winding and second- 
ary winding on collars 2a of the bobbin 2. An epoxy 

15 adhesive that is a thermosetting adhesive is used as the 
adhesive 4. By contrast, an adhesive 5 is applied to 
junctions between members constituting the core 1 . An 
adhesive 6 is applied to a junction between an upper 
end 2b of the bobbin 2 at the end of the secondary wind- 

2c ing and the core 1 . 

The transformer 10 reinforced using the adhesives 
4, 5, and 6 is mounted on the substrate 20. Various drop 
tests were conducted on the transformer in comparison 
with a transformer whose core 1 and bobbin 2 were not 

25 secured In the known transformer, the core 1 and bob- 
bin 2 were not secured at regions on the margins of the 
bobbin. The core 1 was thought to crack. However, the 
thin part 102a shown in Fig. 43 cracked. It was con- 
firmed that a moment M or an excessive impact was 

30 concentrated on the transformer, which was relatively 
heavy, in a direction of an arrow in Fig. 4, the bobbin 2 
could not resist the moment or impact and was relatively 
readily ruptured near the portion of the winding member 
from which the lead pins are extending. Consequently, it 

35 has been revealed that the core 1 has sufficient anti- 
impact resistivity but the strength of the bobbin 2 is 
insufficient. 

In the known transformer, an adhesive 106 is 
applied to one side of a bobbin as shown in Fig. 16. The 

40 adhesive 4 that is an epoxy adhesive is, as shown in 
Figs. 7 and 8, applied to the four regions on the collars 
2a of the bobbin at the ends of the primary winding and 
secondary winding in order to secure the bobbin 2 and 
core 1 . Thus, the strength of adhesive bonding between 

45 the bobbin 2 and core 1 is increased in order to disperse 
a breaking force applied to the bobbin 2, such as, a 
moment M or impact load stemming from a drop. 

When the transformer 10 having the foregoing 
structure was dropped off a desktop (approximately 75 

5c cm high) to a floor seven times in the same direction, the 
transformer did not break down. 

According to the foregoing structure, only a little 
change is requested to be made at a step of applying 
adhesives in the process of manufacturing a trans- 

55 former, that is, the number of regions on the collars 2a 
to which the adhesive 4 is applied should be increased. 
No special means or material is needed. This is advan- 
tageous. 
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Moreover, the epoxy adhesive that is an affixing 
means for securing the bobbin 2 and core 1 is a thermo- 
setting adhesive. Natural hardening is facilitated due to 
heat dissipated during self-heating occurring when the 
transformer in the power supply unit is actuated. More- 
over, the thermosetting adhesive has the merit that 
since the heat conductivity of the thermosetting adhe- 
sive is excellent, the strength of adhesive bonding 
exhibited by the thermosetting adhesive will, unlike that 
exhibited by a thermoplastic adhesive, not deteriorate. 

In Fig. 9 that is a plan view showing the structure of 
a transformer in accordance with the sixth embodiment 
and Fig. 10 that is a front view of the structure shown in 
Fig. 9, the same reference numerals are assigned to the 
components that have been described. The description 
of the components will be omitted, but a difference from 
the aforesaid embodiments will be described. In the 
aforesaid embodiment, the adhesive 4 used to secure 
the bobbin 2 and core 1 is applied to positions on the 
collars 2a at the ends of the primary winding and sec- 
ondary winding, that is, the surfaces opposed to the 
core 1 and in contact with the bobbin 2 which include at 
least four corners of the bobbin 2. 

In the sixth embodiment, as shown in Figs. 9 and 
1 0, the adhesive 4 used to secure the bobbin 2 and core 
1 is applied to positions, which include at least four cor- 
ners of the bobbin 2, on side surfaces 2c of the bobbin 
at the ends of the primary winding and secondary wind- 
ing along lines, along which the core and bobbin are 
joined with each other, on the outer circumference of the 
transformer. The positions to which the adhesives 5 and 
6 are applied are the same as those in the fifth embodi- 
ment. 

When the transformer 10 having the above struc- 
ture was dropped off a desktop (approximately 75 cm 
high) to a floor seven times in the same direction, the 
transformer was not broken down. Moreover, only a little 
change should be made at the step of applying adhe- 
sives in the process of manufacturing a transformer, that 
is, the number of positions on the side surfaces 2c to 
which the adhesive 4 is applied should merely be 
increased. No special means or material is needed. 
This is advantageous. 

Fig. 11 is an oblique view showing the structure of a 
transformer 10 in accordance with the seventh embodi- 
ment which is seen from the bottom thereof, and Fig. 12 
is a front view of the transformer 10, which is shown in 
Fig. 1 1 , mounted on a substrate. 

In Figs. 11 and 12, the same reference numerals 
are assigned to the components that have already been 
described. The description of the components will be 
omitted. Only a constituent feature will be described 
The basic structure of the transformer is identical to 
those in accordance with the aforesaid embodiments. 

A difference lies in a point that the adhesive 4 used 
to secure the bobbin 2 and core 1 is applied to junctions 
between surfaces 2d of the primary winding and sec- 
ondary winding, which are mutually opposed, and the 



bottom of the core 1 . When the transformer is seen from 
the side thereof opposed to the substrate, the junctions 
lie on lines along which the bobbin and core are joined 
with each other and at inner corners of the transformer. 
5 Normally, there is a play between a core and bobbin 

in terms of dimensions. In this embodiment, when the 
core and bobbin are assembled and the adhesive 4 is 
applied, if the assembly is placed upside down, little 
gaps are created between the bobbin and core due to 
w the weight of the core 1 . 

The positions to which the adhesive 4 used to 
secure the bobbin 2 and core 1 is applied correspond to 
the positions of the gaps, and lie on the surfaces of the 
primary winding and secondary winding along lines, 
15 along which the bobbin and core are joined with each 
other, at four inner corners of the transformer relative to 
the side of the transformer opposed to the substrate 

Since the adhesive 4 is applied to the positions, a 
larger amount of adhesive 4 than the amount of adhe- 
re sive employed in the aforesaid embodiment can be 
applied. Moreover, part of the adhesive 4 enters the 
gaps between the core 1 and bobbin 2. This provides 
the merit of providing sufficient strength of adhesive 
bonding. 

25 Fig. 1 3 is an oblique view showing the structure of a 

transformer in accordance with the eighth embodiment 
which is seen from the bottom thereof, and Fig. 14 is a 
front view of the structure of the transformer, which is 
shown in Fig. 13, mounted on a substrate. 

30 In the drawings, the same reference numerals are 
assigned to the components that have already been 
described. The description of the components will be 
omitted and only a difference will be described. When 
the core 1 is fixed to the bobbin 2, the core 1 is aligned 

35 with one side of the bobbin The positions to which the 
affixing means 4 used to secure the bobbin 2 and core 
1 is applied are, as shown in Figs. 13 and 14, different 
between the primary winding and secondary winding. 
The positions relative to one winding to which the affix- 

40 ing means is applied are positions on the surface of the 
winding opposed to the core and joined with the bobbin 
which include at least two corners of the bobbin of the 
transformer. The positions relative to the other winding 
to which the affixing means is applied are positions 

45 along a line, along which the bobbin and core are joined 
with each other, at two inner corners out of four corners 
of the transformer defined by the other winding whose 
outer circumference is not secured. These positions are 
determined as a compromise of the positions relative to 

so the primary winding and secondary winding to which 
the affixing means is applied according to the aforesaid 
embodiments- 

This embodiment provides a means that proves 
more effective when a moment causing a breakdown 

55 and stemming from an impact of a drop is deflected. 

In Figs. 13 and 14, when the core is fixed to the 
bobbin, the core is aligned with one side of the trans- 
former so that the affixing means can be applied to 
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larger areas on the surface opposed to the core and 
joined with the bobbin which cover at least two corners 
of the bobbin of the transformer. This brings about the 
merit that the degree of reinforcement achieved by the 
adhesive in the regions increases. 

Fig. 15 is a front view showing the structure of a 
transformer in accordance with the ninth embodiment. 
This embodiment is characterized in that after the adhe- 
sive 4 used to secure the bobbin and core is applied in 
the same manner as that described in either of the 
aforesaid embodiments, the transformer is impregnated 
with a varnish 8, and the varnish 8 is then dried. Since 
the varnish 8 is dried at the temperature of about 1 20-C, 
the thermosetting adhesive remains hardened This is 
advantageous. 

Owing to the above structure, although a phenome- 
non that a transformer makes a sound at a natural fre- 
quency is likely to occur when the core is fixed to the 
bobbin using the adhesives 4, 5, and 6 alone, the phe- 
nomenon will not take place. Moreover, since the var- 
nish permeates through gaps between the core and 
bobbin, the core is attached to the bobbin on a planar 
basis. This provides the merit that the strength against 
a drop further improves. 

As mentioned above, a transformer produced by 
assembling a winding member, which is made by wind- 
ing a wound material about a bobbin, and a ferromag- 
netic core includes an affixing means for securing the 
bobbin and core which is applied relative to a primary 
winding and secondary winding. The affixing means is a 
thermosetting adhesive. Without the use of any special 
means or material, the transformer can be produced in 
the on-going process of manufacturing a transformer. 
Moreover, the strength of the transformer against a drop 
can be retained. 

Moreover, the affixing means used to secure the 
bobbin and core and applied relative to the primary 
winding and secondary winding is applied to a plurality 
of positions on the surfaces of the windings opposed to 
the core and joined with the bobbin which include at 
least the four corners of the bobbin of the transformer or 
which lie on lines on the outer circumference of the 
transformer, along which the core and bobbin are joined 
with each other, and include at least the four corners of 
the bobbin of the transformer The transformer need not 
be placed upside down in the process of manufacturing 
a transformer. In addition to the aforesaid advantages, 
there are the advantages that adhesives can be applied 
readily and the production line can be automated. 

Moreover, the affixing means used to secure the 
bobbin and core and applied relative to the primary 
winding and secondary winding is applied to a plurality 
of positions lying on lines, along which the bobbin and 
core are joined with each other, at four inner corners of 
the transformer when the transformer is seen from the 
side thereof opposite to the substrate. A larger amount 
of adhesive can therefore be applied. Moreover, since 
an adhesive can be readily poured into gaps between 



the core and bobbin, the higher and more stable 
strength of adhesive bonding can be provided. 

Moreover, the affixing means used to secure the 
bobbin and core is applied to positions different 

5 between the primary winding and secondary winding. 
The positions relative to one winding to which the affix- 
ing means is applied are positions on the surface of the 
winding opposed to the core and joined with the bobbin 
which include at least two corners of the bobbin of the 

io transformer or which lie on a line on the outer circumfer- 
ence of the transformer along which the core and bob- 
bin are joined with each other and include at least two 
corners of the bobbin of the transformer. The positions 
relative the other winding to which the affixing means is 

15 applied are positions lying along a line, along which the 
bobbin and core are joined with each other, at two cor- 
ners out of the four inner corners of the transformer, 
which are defined by the other winding that is not 
secured, along the line when the transformer is seen 

20 from the side thereof opposite to the substrate. Even 
when a moment causing a breakdown and imposed on 
the bobbin due to an impact of a drop is deflected, rein- 
forcement can be achieved effectively. 

Moreover, when the core is fixed to the bobbin, the 

25 core is aligned with one side of the transformer so that 
the affixing means can be applied to larger areas at 
positions on the surface of one winding opposed to the 
core and joined with the bobbin which include at least 
two corners of the bobbin of the transformer. Besides, 

30 the strength of adhesive bonding can be improved. 

After the affixing means used to secure the bobbin 
and core is applied, the transformer is impregnated with 
a varnish Although a phenomenon that a transformer 
makes a sound at a natural frequency is likely to occur 

35 when the core is fixed to the bobbin using adhesives 
alone, the phenomenon will not take place. Moreover, 
since the varnish permeates through gaps between the 
core and bobbin, the core is affixed to the bobbin on a 
planar basis. The strength against a drop further 

40 improves. 

As mentioned above, according to the present 
invention, there are provided a transformer assembling 
method, a transformer, and a transformer -mounted sub- 
strate in which the anti -breakdown strength of a trans- 

45 former can be improved, the performance of a ferrite 
core can be drawn out fully, and the transformer can be 
designed to be compact and lightweight. Specifically, 
there is provided a transformer capable of resisting a 
drop and being produced according to the ongoing 

so process of manufacturing a transformer without the use 
of any special component or material 

Fig 18 is a partly broken diagram showing a trans- 
former in accordance with the tenth embodiment which 
is mounted on a substrate 20 and seen from the front 

55 side thereof. Fig. 19 is an enlarged sectional view of a 
major portion of the transformer shown in Fig. 18. 

In the drawings, a bobbin is made of a given resin 
material by performing injection molding, and formed by 
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uniting a winding member 2f, which has windings 3 of a 
primary winding and secondary winding and a bore 2t 
formed thereon and therein, with a primary winding fix- 
ture and secondary winding fixture adjoining the open- 
ings of the bore 2t. A ferromagnetic core 1 is divided into 
two portions and has a core portion thereof inserted into 
the bore 2t. The ferromagnetic core also has an enclo- 
sure for enclosing the windings 3 These components 
constitute a transformer 10. 

Pedestals 2k of the bobbin 2 of the transformer 10 
abut on a prmted-circuit board 20 on which the trans- 
former 10 is mounted. Lead pins 11 and 12 serving as 
terminals of the transformer 10 are inserted into holes 
20b and secured with solder H. 

Moreover, an insulating tape 7 is wound about the 
windings 3 of the winding member 2f of the bobbin 2. 
The whole transformer is then coated with a varnish 8 
with which the whole transformer is impregnated. 

Gaps are created between the primary winding fix- 
ture and secondary winding fixture, which are coupled 
with the openings of the bore 2t, and the top of the fer- 
romagnetic core 1 and between the primary and sec- 
ondary winding fixtures and the bottom of the 
ferromagnetic core 1 . A silicon rubber 4 of a given thick- 
ness is inserted into the gaps and secured by the var- 
nish 8. 

For producing the transformer 10 having the forego- 
ing structure, at step S1 in the flowchart describing the 
transformer assembling process of Fig. 23, lead wires 
are drawn out from the bobbin 2 of the transformer 10 
having the primary and secondary windings, and, as 
shown in Figs. 18 and 19, tangled about the lead pins 
1 1 and 1 2 in order to thus connect the transformer to the 
printed-circuit board. 

Thereafter, the ferromagnetic core 1 is attached at 
step S2. At step S2 of a placement step, the silicon rub- 
ber 4 is placed in the gaps S between the bobbin 2 and 
ferromagnetic core 1 of the transformer 10. At step S4 
of an impregnation step, the whole transformer 10 is 
impregnated with the varnish 8 and thus hardened. 

As mentioned above, since the silicon rubber 4 hav- 
ing a thickness corresponding to the height of the gaps 
S between the bobbin 2 and ferromagnetic material 1 is 
placed, the movement of the ferromagnetic core 1 rela- 
tive to the bobbin 2 caused by a drop can be restrained. 
Eventually, the bobbin 2 can be prevented from cracking 
due to the movement of the ferromagnetic core 1 of the 
transformer caused by the drop 

In the foregoing structure, as shown in the oblique 
view of Fig. 20, the transformer 10 mounted on the sub- 
strate 20 is resistive to a drop in any of X, Y and Z direc- 
tions, but especially to a drop in the Y direction 

Owing to the foregoing structure, a movement in the 
Y direction of the ferromagnetic core 1 deriving from a 
drop in the Y direction of the transformer 10 can be 
restrained. A load with a moment M imposed on the 
pedestals 2k of the bobbin 2 due to the movement of the 
ferromagnetic core 1 can therefore be alleviated. A 



stress concentrated on the ridges on the borders 
between the pedestals 2k of the bobbin 2 and the side 
surfaces thereof due to an angular moment M exerted 
by the ferromagnetic core 1 with the impact of the drop 

5 can be dispersed. Eventually, the bobbin can be pre- 
vented from cracking. 

Moreover, the silicon rubber 4 serves as an impact 
absorbent because of the soft material thereof. When 
the angular moment M works, a tensile force is imposed 

70 on one pedestal 2k and a compression force is imposed 
on the other pedestal 2k These forces are alleviated by 
the silicon rubber. The windings 3 of the transformer will 
therefore not be damaged and can be prevented from 
being disconnected. 

is Fig. 21 is an enlarged view of a major portion 

shown in Fig 18 in accordance with the second embod- 
iment. 

In the drawing, the same reference numerals will be 
assigned to the components that have already been 

20 described. The description of the components will be 
omitted. Different components alone will be described. 
In Fig 21 , gaps S2 are created between the top 2a of 
the bobbin 2 of the transformer 1 0 and the bottom of the 
ferromagnetic core 1 . A nonwoven fabric 5 is placed in 

25 the gaps and used as an impregnation material through 
which the varnish 8 permeates. 

In the assembling process for the transformer 10, 
the nonwoven fabric 5 is placed in the gaps between the 
bobbin 2 of the transformer 10 having the windings and 

30 the ferromagnetic core 1 . Thereafter, the whole trans- 
former 10 is impregnated with the varnish 8. The var- 
nish 8 permeates through the nonwoven cloths 5 
existent on the tops 2a of the pedestals 2k of the bobbin 
2 of the transformer 10 and on the bottom of the ferro- 

35 magnetic core 1 . 

The permeative varnish 8 is also poured into the 
gaps S1 under the bottom of the ferromagnetic core 1 . 
After varnishing is completed, the transformer 10 is 
heated in order to harden the varnish 8. 

40 As mentioned above, since the varnish 8 perme- 
ates through all over the nonwoven fabrics 5 existent in 
the gaps between the bobbin 2 and ferromagnetic core 
1 of the transformer 10 and then hardens, an affixing 
layer is formed in each of the gaps between the ferro- 

45 magnetic core 1 and bobbin 2 owing to the adhesion of 
the varnish 8 with no air left on the interface. The fixa- 
tion between the bobbin 2 and ferromagnetic core 1 0 of 
the transformer 10 thereof can be reinforced. 

The nonwoven fabrics 5 in the gaps under the ferro- 

50 magnetic core 1 and impregnated with the varnish 8 can 
restrain the ferromagnetic core 1 from moving relative to 
the bobbin 2 with an impact of a drop while deforming in 
the direction of the thickness thereof. Moreover, the 
nonwoven fabric 5 impregnated with the varnish 8 

55 serves as a proper impact absorbent to alleviate an 
impact ol a drop. Consequently, the bobbin can be pre- 
vented from being cracking. 

In the foregoing structure, the transformer 10 



13 



BNSDOC D <E~ 0659384A1 I > 



25 EP 0 859 384 A1 ^ 26 



mounted on the substrate 20 is resistive to any drop irre- 
spective of the direction of the drop and especially to a 
drop in the Y direction shown in Fig. 20. Owing to the 
structure, since the movement in the Y direction of the 
ferromagnetic core 1 deriving from an impact of a drop 
in the Y direction of the transformer 10 can be 
restrained, the impact imposed on the pedestals and 
side surfaces of the bobbin 2 due to the movement of 
the ferromagnetic core 1 can be alleviated. 

A drop test was conducted under the conditions 
that the transformer 1 0 was soldered to the substrate 20 
and then stowed in a housing and the housing was 
dropped with each of six surfaces thereof facing down- 
ward. At that time, when the housing was dropped 
repeatedly from the height of a work desk (approxi- 
mately 75 cm) three times, the bobbin cracked. Accord- 
ing to the structure of this embodiment, since the 
nonwoven fabric 5 whose thickness is slightly smaller 
than the height of the gaps S between the bobbin 2 and 
ferromagnetic core 1 is employed, even after the drop 
was repeated seven times, the bobbin did not crack. 

As apparent from the results of the drop test, the 
structure of this embodiment can improve the anti-drop 
strength of the transformer 10 

Moreover, even when a drop test was conducted 
under a stricter condition that the height at which the 
drop was made was 1 mm, the bobbin did not crack. 

Effects exerted by impregnating the nonwoven fab- 
ric 5 with the varnish 8 other than the effect of resisting 
an impact of a drop will be described below. 

(1) The nonwoven fabric 5 to be placed in the gaps 
S between the bobbin 2 of the transformer 10 and 
the ferromagnetic core 1 thereof is inexpensive 
compared with the silicon rubber. 

(2) The proper adhesion of the varnish 8 makes it 
possible to fix the ferromagnetic core 1 to the bob- 
bin 2 to such an extent that the ferromagnetic core 
will not crack despite thermal expansion. 

(3) At the step of impregnating the whole trans- 
former 10 with the varnish, the nonwoven fabric 5 is 
impregnated with the varnish. The fixation between 
the bobbin 2 and ferromagnetic core 1 of the trans- 
former 10 can be reinforced. No special means 
such as an adhesive is therefore necessary. 

Fig. 22 is an enlarged view showing part of a side 
surface of a transformer in accordance with the eleventh 
embodiment. 

In the drawing, the same reference numerals are 
assigned to the components that have already been 
described. The description of the components will be 
omitted, and different components alone will be 
described. A woven fabric 6 that is an isolating member 
is placed in the gaps S between the bobbin 2 and ferro- 
magnetic core 1. The permeation of the varnish 8, 
which is an impregnation material, through the isolating 
member can be controlled by changing the size of each 



mesh of the fabric. 

As a result, a woven fabric that is optimal in terms 
of the permeation of an impregnation material can be 
selected. This brings about the merit of a more stable 

5 adhesive force. 

The structures of the transformer 10 resistive to a 
drop in accordance with the embodiments are con- 
cerned with a transformer whose ferromagnetic core 1 
is placed sideways. The structures can be adapted to a 

ic transformer whose ferromagnetic core 1 is placed 
lengthwise. 

As mentioned above, the isolating member whose 
thickness nearly corresponds to the height of the 
spaces created between the bobbin and ferromagnetic 

15 core is placed in the spaces. The movement of the fer- 
romagnetic core relative to the bobbin deriving from a 
drop can therefore be restrained. Eventually, the bobbin 
can be prevented from cracking due to the movement of 
the ferromagnetic core of the transformer deriving from 

20 the impact of the drop. 

In other words, since the proper impact absorbent 
is included. An impact of a drop can be alleviated for 
fear the windings of the transformer be damaged. Thus, 
the windings of the transformer can be prevented from 

25 being disconnected. Moreover, the anti-drop strength of 
the transformer can be improved without a drastic 
change in the known transformer assembling process 
merely by adding an easy step and modifying the 
impregnation step that is the last step of the known 

30 transformer assembling. No special means such as an 
adhesive is therefore necessary. This is advantageous. 

According to the present invention, as mentioned 
above, there are provided a transformer assembling 
method, a transformer, and a transformer-mounted sub- 

35 strate in which the anti-breakdown strength of a trans- 
former can be improved, the performance of a ferrite 
core can be drawn out fully, and the transformer can be 
designed to be compact and lightweight. 

Next, Fig. 24 is an oblique view showing a trans- 

40 former 10 in accordance with the twelfth embodiment 
which is seen from the side of the transformer opposed 
to a substrate. Fig. 25 is an oblique view showing the 
transformer 10 mounted on the substrate 20. Fig. 26 is 
an A-A sectional view of the transformer shown in Fig. 

45 25. 

In Fig. 26, a bobbin is made of a given resin mate- 
rial by performing injection molding, and formed by unit- 
ing a winding member 2f, which has primary and 
secondary windings 3 and a bore 2t formed thereon and 

50 therein, with a primary winding fixture and secondary 
winding fixture adjoining the openings of the bore 2t. A 
ferromagnetic core 1 is divided into two portions, and 
has the core portion thereof inserted into the bore 2t 
The ferromagnetic core also includes an enclosure for 

55 enclosing the windings 3. These components constitute 
a transformer 10. 

Pedestals 2k of the bobbin 2 of the transformer 10 
abut directly on the surface of a printed-circuit board 20 
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on which the transformer 10 is mounted Lead pins 11 
and 12 serving as terminals of the transformer 10 are 
inserted into holes 20b of the substrate 20 and then 
secured using solder H. 

Moreover, an insulating tape 7 is, as illustrated, 
wound about the windings 3 of the winding member of 
the bobbin 2. The whole transformer is impregnated 
with and coated with a varnish 8. 

Gaps are created between the primary winding fix- 
ture and secondary winding fixture coupled with the 
openings of the bore 2t and the top of the ferromagnetic 
core 1 and between the primary winding fixture and sec- 
ondary winding fixture and the bottom of the ferromag- 
netic core 1. A hot-melt adhesive 15 (for example, 
adhesive Jet-Melt Nos. 3764, 3748, or 3797 manufac- 
tured by Sumitomo 3M Co., Ltd.) is applied to areas 
along lines, along which the bobbin 2 and core 1 are 
joined with each other, on the side of the transformer 
opposed to the substrate 20 and to areas on the mar- 
gins of the isolating tape 7 wound about the outer cir- 
cumferences of the windings 3. 

In Fig. 24, the hot-melt adhesive 15 is also applied 
to valleys between the outer circumference of the isolat- 
ing tape 7 covering the windings 3 of the transformer 1 0 
and surfaces 1 b of the ferromagnetic core 1 

The hot-melt adhesive 15 is thus used for affixing. 
The fixation between the bobbin 2 and ferromagnetic 
core 1 can be reinforced. As a result, the bobbin of the 
transformer 1 0 can be prevented from cracking due to 
an impact of a drop irrespective of the direction of the 
drop. In particular, since the hot-melt adhesive 15 is 
soft, it is effective in absorbing the impact of the drop. 
With the hot-melt adhesive, a proper impact absorbent 
can therefore formed. This is a very effective counter- 
measure against cracking of the bobbin. 

The hot-melt adhesive 15 is hardened at a room 
temperature immediately after it is jetted out of a heat 
gun. Unlike an epoxy adhesive made of a thermosetting 
resin, it does not take much time for the hot- melt adhe- 
sive to harden. This leads to good workability and each 
handling. The hot-melt adhesive is therefore optimal for 
mass-production. 

The hot-melt adhesive 15 has already been used at 
a step of firmly affixing a housing, or any other step in 
the process of producing a known electronic device. 
There is no problem in terms of safety. 

In Fig. 26, the varnish 8 is impregnated through the 
whole transformer 10 and hardened at the impregnation 
step. The varnish 8 is intended to prevent the trans- 
former from making a sound. If sufficient strength of 
adhesive bonding is ensured, the varnish need not be 
employed 

In Fig 24, when the gaps S between the bobbin 2 
and ferromagnetic core 1 are almost negligible, if the 
hot-melt adhesive 15, shown by cross hatching line 
hereafter, is applied to the areas linking the outer sur- 
faces 2a of the primary winding fixture and secondary 
winding fixture and the outer surfaces 1a of the ferro- 



magnetic core 1, the movement of the ferromagnetic 
core 1 relative to the bobbin 2 deriving from a drop can 
be restrained. Consequently, the bobbin 2 can be pre- 
vented from cracking due to the movement of the ferro- 
5 magnetic core 1 of the transformer deriving from the 
drop. 

In the foregoing structure, the transformer 10 
mounted on the substrate 20 is, as shown in the oblique 
view of Fig. 25, resistive to a drop in any of X, Y, and X 

ic directions and especially to a drop in the Y direction. 
Since the movement in the Y direction of the ferromag- 
netic core 1 deriving from an impact of a drop in the Y 
direction of the transformer 10 can be restrained by 
applying the adhesive 15, a load with a moment M 

is imposed on the pedestals 2k of the bobbin 2 due to the 
movement in the Y direction of the ferromagnetic core 1 
can be alleviated. A stress concentrated on the ridges 
on the borders between the pedestals 2k of the bobbin 
2 and the side surfaces thereof due to an angular 

20 moment M exerted by the ferromagnetic core 1 with the 
impact of the drop can be dispersed, whereby the bob- 
bin can be prevented from cracking. 

Moreover, the hot-melt adhesive 15 serves as a 
proper impact absorbent owing to the soft material 

25 thereof. When the substrate 20 is dropped, if the angu- 
lar moment M works, a tensile force is imposed on one 
pedestal 2k and a compression force is imposed on the 
other pedestal 2k. These forces are alleviated by the 
hot-melt adhesive 15. The windings 3 of the transformer 

30 will therefore not be damaged too terribly and can there- 
fore be prevented from being disconnected 

Fig. 27 is an oblique view showing the appearance 
of a transformer 10 in accordance with the thirteenth 
embodiment. The same reference numerals are 

35 assigned to the components that have already been 
described. The description of the components will be 
omitted. The hot-meld adhesive 15 is, as illustrated, 
applied to areas linking the outer surfaces 2a of the pri- 
mary winding fixture and secondary winding fixture and 

40 the outer surfaces 1 a of the ferromagnetic core 1 , and to 
four corners 15-1, 15-2, 15-3, and 15-4. 

Owing the foregoing structure, with a smaller 
amount of adhesive 15, anti-impact strength equivalent 
to that provided according to the first embodiment can 

45 be provided. Moreover, another component can be 
mounted adjacently to a portion of the transformer to 
which no adhesive is applied. This leads to the 
improved freedom in designing a pattern for the sub- 
strate 20. Moreover, the amount of hot-melt adhesive 

so employed is small . The structure is therefore suitabl e for 
mass-production 

Fig. 28 shows the appearance of a transformer 10 
in accordance with the twenty- eighth embodiment 

In the drawing, the same reference numerals are 

55 assigned to the components that have already been 
described. The description of the components will be 
omitted. The hot-melt adhesive 1 5 is applied to ail areas 
along lines along which the tape 7 covering the bobbin 
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on the side of the transformer opposed to the compo- 
nents-mounted surface of a substrate, and the bobbin 2 
are joined with each other when the transformer is 
mounted o the substrate 20. Owing to the structure, the 
anti -impact strength of the transformer preventing the 5 
pedestals 2k of the bobbin 2 from cracking can be fur- 
ther improved. 

According to the embodiment, the countermeasure 
against a drop is concerned with a transformer whose 
ferromagnetic core is placed sideways. The counter- ic 
measure may be taken to protect a transformer whose 
ferromagnetic core is placed lengthwise. 

Figs. 29A to 29C are bottom views showing the 
transformers in accordance with the aforesaid embodi- 
ments which are seen from the sides thereof opposed to is 
the components-mounted surface of a substrate. In Fig. 
29A, the hot-melt adhesive 15 is applied to valleys 
formed between the isolating tape 7 covering the outer 
circumferences of the windings and the surfaces 1 b of 
the ferromagnetic core 1 and to areas linking the outer 20 
surfaces 2a of the primary winding fixture and second- 
ary winding fixture and the outer surfaces 1a of the fer- 
romagnetic core 1 . 

In Fig 29B, the hot-melt adhesive 15 is applied to 
the four corners 15-1, 15-2, 15-3, and 15-4 formed 25 
among the isolating tape 7 covering the outer circumfer- 
ences of the windings, the ferromagnetic core 1 . and the 
surfaces of the primary winding fixture and secondary 
winding fixture which are opposed to each other, and to 
areas linking the outer surfaces 2a of the primary wind- 3c 
ing fixture and secondary winding fixture and the outer 
surfaces 1 a of the ferromagnetic core 1 . 

In Fig. 29C, the hot-melt adhesive 15 is applied to 
valleys formed between the isolating tape 7 covering the 
outer circumferences of the windings and the ferromag- 35 
netic core 1 , and to areas adjoining the valleys between 
the surfaces of the primary winding fixture and second- 
ary winding fixture which are opposed to each other and 
the edges of the windings. Furthermore, the hot-melt 
adhesive 15 is applied to areas linking the outer sur- 4c 
faces of the primary winding fixture and secondary 
winding fixture and the outer surfaces of the ferromag- 
netic core. 

Owing to the foregoing structure, the fixation 
between the core and bobbin can be reinforced. The 45 
bobbin can be prevented from cracking due to the 
movement of the core of the transformer derived from 
an impact of a drop. The anti -drop strength of the trans- 
former can be improved. Moreover, since the hot- melt 
adhesive 1 5 is soft, it is effective in absorbing the impact sc 
of the drop. Moreover, since the hot-melt adhesive is 
hardened immediately after applied, the workability of 
applying the hot-melt adhesive is good and the hot-melt 
adhesive can be handled easily. Since the hot-melt 
adhesive has already been used in the process of man- 55 
ufacturing a known electronic device, there is no prob- 
lem in terms of safety. Besides, the fixation in the areas 
in which the core 1 and bobbin 2 are joined with each 



other can be reinforced. The movement of the trans- 
former deriving from a drop can be restrained. The bob- 
bin can be prevented from cracking due to the impact of 
the drop. The anti-drop strength of the transformer can 
be improved. Moreover, since the fixation in the areas 
linking the side surfaces of the core and bobbin can be 
reinforced, when an impact of a drop is imposed on the 
transformer especially in a lateral direction, the move- 
ment of the transformer deriving from the drop can be 
restrained effectively. The bobbin can therefore be pre- 
vented from cracking due to the movement of the core. 
Eventually, the anti-drop strength of the transformer can 
be improved 

Furthermore, with a small amount of adhesive, the 
movement of the core of the transformer deriving from 
an impact of a drop can be restrained. Moreover, since 
the adhesive is applied to the four corners on the back 
of the core of the transformer, another component can 
be mounted adjacently to the transformer. This provides 
the freedom in designing a pattern for a substrate 

The fixation between the bobbin and core can be 
further reinforced owing to the adhesion of the varnish. 
When a thermoplastic adhesive is applied, the fixation 
between the core and bobbin can be further reinforced. 
The anti-drop strength of the transformer can be 
improved. 

As mentioned above, the hot-melt adhesive is used 
to realize a proper impact absorbent. An impact of a 
drop is thus alleviated for fear the windings of the trans- 
former be damaged too terribly. The windings of the 
transformer can thus be prevented from being discon- 
nected. Moreover, the antindrop strength of the trans- 
former can be improved without a drastic change in the 
known transformer assembling process merely by add- 
ing a simple step of affixing. 

Furthermore, the application of the hot-melt adhe- 
sive 1 5 may be carried out as a countermeasure taken 
to protect a transformer from a drop after the step of var- 
nishing. 

As mentioned above, according to the present 
invention, there are provided a transformer assembling 
method, a transformer, and a transformer-mounted sub- 
strate in which the anti -breakdown strength of a trans- 
former can be improved, the performance of a ferrite 
core can be drawn out fully, and the transformer can be 
designed to be compact and lightweight. 

Fig. 30 is a plan view showing the structure of a 
transformer in accordance with the fifteenth embodi- 
ment, and Fig. 31 is a front view of the structure shown 
in Fig. 30. 

Referring to Figs. 30 and 31, a transformer 
employed in a switching power supply unit comprises a 
core 1 made of a ferrite, a bobbin 2 about which a 
wound material is wound to form windings and which is 
made of a resin, and a winding member 3 that is a coil 
made by winding a wound material used to form wind- 
ings, an inter-layer isolation tape, and a barrier tape 
used to space the primary and secondary windings in 



16 



BNSDOCID <EP 0859384A1 I > 



31 



EP 0 859 384 A1 



order to meet safety standards according to a given 
winding method 

An adhesive 4 serving as an affixing means used to 
secure the bobbin 2 and core 1 is, as shown in Figs. 30 
and 31, applied to a total of four positions at the ends of 
the primary winding and secondary winding on the col- 
lars 2a of the bobbin 2 An epoxy adhesive that is a ther- 
mosetting adhesive is used as the adhesive 4. By 
contrast, an adhesive 5 is applied to the junctions 
between members constituting the core 1 . An adhesive 
6 is applied to the junction between the upper end 2b of 
the bobbin 2 at the end of the secondary winding and 
the core 1 . 

Various drop tests were conducted on the trans- 
former 10 that was reinforced using the adhesives 4, 5, 
and 6 as mentioned above and mounted on a substrate. 
The transformer was compared with a transformer 
whose core 1 and bobbin 2 are not secured 

When the adhesive 4 is. as shown in Figs. 30 and 
31 , applied to the four positions on the collars 2a at the 
ends of the primary winding and secondary winding, the 
bobbin 2 and core 1 are secured, and the strength of 
adhesive bonding between the bobbin 2 and core 1 is 
intensified Eventually, a breaking force imposed on the 
bobbin, that is, a moment M or impact load deriving from 
a drop can be dispersed. 

For example, as far as a known transformer is con- 
cerned, when the transformer is dropped off a desktop 
or an excessive impact is imposed on a power supply 
unit, a moment M or an excessive impact is concen- 
trated on the transformer, which is heavier than the 
other components of the power supply unit, in a direc- 
tion of an arrow shown in Fig. 43. The bobbin 2 fails to 
resist the moment or impact and is relatively readily rup- 
tured near a portion thereof coupled to the winding 
member. 

A drop test was conducted as one of various drop 
tests on a transformer whose core 1 and bobbin 2 were 
not secured. Since the core 1 and bobbin 2 were not 
secured, the core 1 was thought to crack. As a result, 
the bobbin 2 cracked as shown in Fig. 43. It was con- 
firmed that the core 1 had sufficient anti-impact resistiv- 
ity but the strength of the bobbin 2 was insufficient. 

In the above transformer, an epoxy adhesive was 
applied to the end of one winding As a countermeas- 
ure, therefore, the adhesive 4 used to secure the bobbin 
2 and core 1 is, as shown in Figs. 30 and 31 , applied to 
the four positions at the ends of the primary and sec- 
ondary windings. The strength of adhesive bonding 
between the bobbin 2 and core 1 is thus intensified, 
whereby a breaking force imposed on the bobbin 2 with 
a moment M or an impact derived from a drop is dis- 
persed 

As far as the known transformer is concerned, 
when it is dropped off a desktop (approximately 75 cm 
high) to a f loor, it may be ruptured after one drop. Once 
the above countermeasure is taken, a transformer that 
will not be ruptured after seven drops in the same direc- 



tion can be produced 

For producing the transformer, a simple change 
should merely be made at a step of applying an adhe- 
sive in the process of manufacturing a transformer, that 

5 is, the number of positions to which an adhesive is 
applied should merely be increased. This provides the 
merit that no special means or material is needed. 
Another merit is that the strength of a transformer 
against a drop improves. 

io Furthermore, an epoxy thermosetting adhesive is 
used as the affixing means used to secure the bobbin 2 
and core 1 . In addition to the foregoing advantage, there 
is the advantage that the strength of adhesive bonding 
will not be degraded by heat dissipated due to self-heat- 

15 mg occurring when the transformer in a power supply 
unit is actuated. 

Moreover, since an adhesive made of an epoxy 
material is employed, the strength of adhesive bonding 
between a bobbin and ferromagnetic core is intense. 

20 Besides, the strength of a hardened adhesive is equiva- 
lent to that of a material made into the bobbin. 

Fig. 32 is a top view showing the structure of a 
transformer in accordance with the sixteenth embodi- 
ment of the present invention, and Fig. 33 is a side view 

25 of the structure 

Trie sixteenth embodiment provides the same 
structure as the fifteenth embodiment. However, an 
affixing means 7 used to secure the bobbin 2 and core 
1 is, as shown in Figs. 32 and 33, applied to areas at the 

30 ends of the primary winding and secondary winding, 
and is a thermosetting adhesive made of a silicon mate- 
rial. 

Compared with the epoxy adhesive, the silicon 
adhesive exhibits slightly low strength of adhesive 
35 bonding relative to the core. Trie silicon adhesive is 
therefore applied to wider areas. 

The adhesive 5 is, like the one employed in the fif- 
teenth embodiment, used to secure members constitut- 
ing the core 1. 

40 Owing to the foregoing structure, the same opera- 
tion as that in the aforesaid embodiment is exerted to 
improve the ant i -drop strength of the transformer. 

Furthermore, the hardened silicon adhesive is 
softer than the normally-adopted epoxy adhesive that is 

45 hardened, and can be set to any hardness level. The 
cracking of the core or the peeling of the adhesive 
caused by a stress concentrated on the ferromagnetic 
core due to a cyclic change in temperature dependent 
on the use state of the transformer can be prevented 

so (not shown because the structure is identical to the one 
shown in Fig 30) In addition, there is the merit that an 
impact of a drop can be absorbed. 

In the fifteenth embodiment, the same coefficient of 
linear expansion of the adhesive made of an epoxy 

55 material may be equalized with that of the ferromagnetic 
core, or an adhesive whose coefficient of linear expan- 
sion is approximated to a coefficient of linear expansion 
permitting prevention of cracking of the core deriving 
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from a cyclic change in temperature dependent on the 
use state of the transformer may be employed. This 
makes it possible to prevent the cracking of the core or 
the peeling of the adhesives caused by a stress concen- 
trated on the ferromagnetic core due to the cyclic 
change in temperature dependent on the use state of 
the transformer. Fig. 34 is a front view of a transformer 
in accordance with the seventeenth embodiment of the 
present invention. 

In the drawing, the same reference numerals are 
assigned to the components that have been described. 
The description of the components will be omitted. The 
adhesives 4 and 7 used to secure the bobbin 2 and core 

1 are, as shown in Fig. 17, applied to areas at the ends 
of the primary winding and secondary winding, and are 
thermosetting adhesives. The thermosetting adhesives 
may be made of either an epoxy material or silicon 
material. 

After the affixing means used to secure the bobbin 

2 and core 1 is applied, the transformer is impregnated 
with the varnish 8. The varnish 8 is then dried. Since the 
varnish 8 is dried at the temperature of about 120EC, 
the thermosetting adhesives remain hardened This is 
advantageous. 

Although a phenomenon that a transformer makes 
a sound at a natural frequency is likely to occur when 
fixation is attained using adhesives alone, the phenom- 
enon will not take place owing to the foregoing structure. 
Moreover, since the varnish 8 permeates through the 
gaps between the core 1 and bobbin 2, the core and 
bobbin are affixed to each other on a planar basis. This 
provides the merit that the anti-drop strength of the 
transformer further improves. 

An adhesive made of an incombustible material 
may be used as the adhesives employed in the afore- 
said cases. A transformer using such an adhesive can 
be adopted not only for a mere DC-to-DC converter but 
also for a converter included in a switching power sup- 
ply requested to meet safety standards. The use of the 
adhesive made of an incombustible material also has 
the merit that the safety of the transformer improves. 

The descriptions of the embodiments are con- 
cerned with a transformer whose core is placed side- 
ways. Needless to say, the present invention provides 
the same advantages even for a transformer whose 
core is placed lengthwise. 

The transformer 10 having the foregoing structure 
was dropped off a desktop (approximately 75 cm high) 
to a floor seven times in the same direction. Neverthe- 
less, the transformer was not ruptured. 

According to the foregoing structure, a simple 
change should merely be made at a step of applying 
adhesives in the process of manufacturing a trans- 
former, that is, the number of positions on the collars 2a 
to which the adhesives 4 and 7 are applied should 
merely be increased. This provides the merit that no 
special means or material is necessary. 

Furthermore, the epoxy adhesive serving as the 



affixing means used to secure the bobbin 2 and core 1 
is a thermosetting adhesive. Natural hardening is facili- 
tated by heat dissipated due to self-heating occurring 
when the transformer in a power supply unit is actuated. 

5 Moreover, since the adhesive exhibits good thermal 
conductivity, the strength of adhesive bonding of the 
adhesive will, unlike that of a thermoplastic adhesive, 
not be degraded. 

Moreover, since the adhesives 4 and 7 are used for 

10 fixation, a phenomenon that a transformer makes a 
sound at a natural frequency and is likely to occur will 
not take place. Besides, the varnish permeates through 
the gaps between the core and bobbin. The core and 
bobbin are therefore affixed to each other on a planar 

15 basis. This provides the merit that the anti-drop strength 
of the transformer further improves. 

As described above, according to the present 
invention, there are provided a transformer assembling 
method, a transformer, and a transformer -mounted sub- 

20 strate in which the arrti -breakdown strength of a trans- 
former can be improved, the performance of a ferrite 
core can be drawn out fully, and the transformer can be 
designed to be compact and lightweight. Specifically, 
there is provided a transformer capable of resisting a 

25 drop and being produced in the on-going process of 
manufacturing a transformer without the use of any spe- 
cial component or material. 

Fig. 35 is a plan view showing the structure of a 
transformer in accordance with the eighteenth embodi- 

30 ment, and Fig. 36 is a front view of the structure shown 
in Fig. 35. 

In Figs. 35 and 36, a transformer employed in a 
switching power supply unit is, as illustrated, composed 
of a core 1 made of a ferrite, a bobbin about which a 

35 wound material is wound to form windings and which is 
made of a resin, and a winding member 3 made by 
winding the wound material used to form the windings, 
an inter-layer isolation tape, a barrier tape used to 
space the primary and secondary windings in order to 

40 meet safety standards, according to a given winding 
method. As shown in Fig. 2, the transformer is soldered 
and fixed to the substrate 20 with pins therefore inserted 
through holes bored in the substrate. 

The adhesive 4 serving as an affixing means used 

45 to secure the bobbin 2 and core 1 is, as shown in Figs. 
35 and 36, applied to positions at the ends of the pri- 
mary winding and secondary winding on the collars of 
the bobbin 2. An epoxy thermosetting adhesive is used 
as the adhesive 4. 

50 The first adhesive and second adhesive used to 

secure the bobbin 2 and core 1 are the adhesive 4 
applied to the primary winding fixture and the adhesive 
5 applied to the secondary winding fixture. A thermoset- 
ting epoxy adhesive is used as the adhesive 4 applied to 

55 the primary winding. 

The adhesive 5 applied to the secondary winding 
fixture is a thermosetting silicon adhesive. The hard- 
ened adhesive 4 is harder than the hardened adhesive 
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5. The strength of adhesive bonding between the ferro- 
magnetic core 1 and bobbin 2 which is exerted by the 
silicon adhesive is little lower than that exerted by the 
epoxy adhesive. The silicon adhesive is therefore 
applied to wider areas. The adhesive 6 is used to 
secure members constituting the ferromagnetic core 1 . 

The adhesive 7 is an adhesive that has customarily 
been used to secure the ferromagnetic core 1 and bob- 
bin 2 in the past According to the present invention, the 
adhesive is not a must. 

For example, as far as a known transformer is con- 
cerned, when the transformer is dropped off a desktop 
or when an excessive impact is applied to a power sup- 
ply unit, a moment M or an excessive impact is concen- 
trated on the transformer, which is heavier than the 
other components of the power supply unit, in a direc- 
tion of an arrow shown in Fig. 43. The bobbin 2 fails to 
resist the moment or impact and is relatively readily rup- 
tured near a portion thereof coupled with the winding 
member. 

A drop test was conducted as one of various drop 
tests on a transformer whose core 1 and bobbin 2 were 
not secured. Since the core 1 and bobbin 2 were not 
secured, the core 1 was thought to crack. However, a 
crack occurred at the position shown in Fig. 43. This 
demonstrated that the anti-impact resistivity of the ferro- 
magnetic core 1 was sufficient but the strength of the 
bobbin 2 made of a resin material was insufficient. 

As a countermeasure, the adhesives 4 and 5 used 
to secure the bobbin 2 and core 1 are, as shown in Figs. 
35 and 36, applied to areas at the ends of the primary 
winding and secondary winding. When a drop test was 
conducted on the transformer having the bobbin 2 and 
core 1 secured in this way, the strength of adhesive 
bonding between the bobbin 2 and core 1 was appar- 
ently intensified. A breaking force was dispersed by dis- 
tributing an moment M or impact deriving from a drop to 
the bobbin 2 and ferromagnetic core 1 . Owing to the 
illustrated structure, the transformer becomes strong 
enough not to break down with a drop. 

Moreover, the adhesives 4 and 5 employed have 
different hardness levels. Specifically, the silicon adhe- 
sive 5 that is softer is used to alleviate (absorb) a stress 
stemming from a difference in coefficient of linear 
expansion between the bobbin 2 and core 1. Occur- 
rence of a crack of the core deriving from expansion or 
contraction due to a cyclic change in temperature can 
be prevented. 

Furthermore, an epoxy adhesive and silicon adhe- 
sive used as the adhesives to secure the bobbin 2 and 
core 1 are of a thermosetting type. The adhesives are 
hardened with heat dissipated due to self-heating 
occurring when the transformer in a power supply unit is 
actuated. It will therefore not take place that the strength 
of adhesive bonding deteriorates because of softening. 
For this reason, the employment of the adhesives is 
preferable. Moreover, it is also preferable in terms of use 
practice. 



Fig 37 is an oblique view showing a transformer in 
accordance with the nineteenth embodiment of the 
present invention which is seen from the bottom thereof, 
and Fig 38 is a front view of the transformer. 

5 In the drawings, the same reference numerals are 

assigned to the components that have already been 
described The description of the components will be 
omitted. The adhesive 6 is used to secure members 
constituting the ferromagnetic core 1 . The adhesive 7 is 

io an adhesive used to secure the core 1 and bobbin 2 and 
has no direct relation to the present invention (this does 
not mean that the adhesive 7 does not act as a rein- 
forcement). 

According to the eighteenth embodiment, the adhe- 

15 sive 5 applied to the secondary winding fixture in order 
to secure the bobbin 1 and core 2 is a thermosetting sil- 
icon adhesive. According to this embodiment, an adhe- 
sive 8 applied to the secondary winding fixture in order 
to secure the bobbin 2 and ferromagnetic core 1 is a 

20 thermoplastic hot-melt adhesive. 

The adhesive 8 is, for example, an adhesive called 
Jet Melt No. 3748 and manufactured by Sumitomo 3M 
Co, Ltd. Since the adhesive 8 is a thermoplastic adhe- 
sive, it is moderately soft and can therefore alleviate an 

25 impact deriving from a drop 

Moreover, the adhesive 8 is. as illustrated, applied 
to junctions between the bobbin 2 and one winding 3 so 
that the adhesive will face the components- mounted 
surface of a substrate 

30 When a transformer is structured as shown in Figs. 
37 and 38, the sufficient strength against a drop can be 
maintained. Moreover, the fear that the core cracks 
because of a difference in coefficient of linear expansion 
will be canceled. In addition to the advantage provided 

35 by the first embodiment, there is the merit in practice 
that since the adhesive 8 can be applied afterward to a 
transformer purchased as a normal component, an 
existing transformer can be used. 

Fig. 39 is a plan view showing the structure of a 

40 transformer in accordance with the twentieth embodi- 
ment, and Fig. 40 is a front view showing the structure 
of the transformer mounted on a substrate. 

In this embodiment, the same reference numerals 
are assigned to the components that have already been 

45 described. The description of the components will be 
omitted. The basic structure of a transformer is identical 
to the aforesaid one. 

As for adhesives used to secure the bobbin 2 and 
ferromagnetic core 1 , the adhesive 4 applied to the pri- 

50 mary winding fixture is, as shown in Figs. 39 and 40, a 
thermosetting epoxy adhesive A varnish 9 with which 
the transformer is impregnated is used as an affixing 
means to be applied to the secondary winding fixture. 
In this case, the density of the varnish 9 employed 

55 is adjusted and managed so that the varnish can per- 
meate through the gaps between the bobbin 2 and fer- 
romagnetic core 1 and a certain amount of varnish can 
adhere to the bobbin and core. 
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Normally, there is a "play" between the ferromag- 
netic core 1 and bobbin 2 in terms of dimensions. After 
the core 1 is attached to the bobbin 2, the transformer is 
impregnated with a varnish. At this time, if the trans- 
former is placed upside down, little gaps are created 
between the bobbin 2 and core 1 due to the weight of 
the ferromagnetic core 1 The varnish 9 permeates 
through the gaps, whereby the bobbin 2 and core 1 is 
affixed firmly to each other 

According to the twentieth embodiment, like the 
other embodiments, a countermeasure against a drop 
can be taken, and the fear that the core may crack 
because of a difference in coefficient of linear expansion 
will be eliminated. 

According to the twentieth embodiment, unlike the 
eighteenth and nineteenth embodiments, the varnish 9 
permeates through the gaps between the core 1 and 
bobbin 2. The core and bobbin are therefore affixed to 
each other on a planar basis. Although a phenomenon 
that a transformer makes a sound at a natural frequency 
is likely to occur when fixation is attained using adhe- 
sives alone, the phenomenon will not take place. A 
countermeasure against a drop can be taken inexpen- 
sively. 

Fig. 41 is an oblique view showing a transformer in 
accordance with the twenty -first embodiment which is 
seen from the bottom thereof, and Fig. 42 is a front view 
showing the structure. 

In this embodiment, the same reference numerals 
are assigned to the components that have already been 
described. The description of the components will be 
omitted. The basic structure of a transformer has the 
constituent features provided by both the nineteenth 
and twentieth embodiments. 

To be more specific, the adhesive 4 applied to the 
primary winding fixture is a thermosetting epoxy adhe- 
sive. The varnish 9 with which the transformer is 
impregnated is used as an affixing means to be applied 
to the secondary winding fixture. The hot-melt adhesive 
8 that is a thermoplastic adhesive is applied to the var- 
nish 9 and then solidified. 

After the transformer is impregnated with the var- 
nish, the adhesive 8 that is a hot-melt adhesive (for 
example, Jet Melt No. 3748 manufactured by Sumitomo 
3M Co., Ltd.) is applied to a portion of the transformer 
that is not secured with the epoxy adhesive. 

The transformer having the foregoing structure was 
dropped off a desktop (approximately 75 cm high) to a 
floor seven times in the same direction. Nevertheless, 
the transformer was not ruptured. The structure has the 
merit that sufficient strength of adhesive bonding can be 
exerted. 

The aforesaid embodiments are concerned with a 
transformer whose core is placed sideways. The 
present invention can apply to a transformer whose core 
is placed lengthwise. 

The primary winding fixture and secondary winding 
fixture to which the adhesives 4 and 5 are applied may 



be switched. The same advantage can still be provided 
Furthermore, the structure may be adapted to the 
known transformers described in conjunction with Figs. 
47 and 48. The same advantage can still be provided. 

5 As mentioned above, the adhesive applied to the 

primary winding fixture and the adhesive applied to the 
secondary winding fixture have mutually different hard- 
ness levels. The bobbin can therefore be prevented 
from cracking due to a cyclic change in temperature of 

7C the transformer occurring when the transformer is actu- 
ated for power supply. The core can be fixed to the bob- 
bin on both sides of the transformer. The transformer 
can therefore exert sufficient anti-drop strength. 

Moreover, the adhesives having mutually different 

15 hardness levels are thermosetting adhesives. In the 
process of manufacturing a transformer, the adhesives 
can be hardened at the same step. 

Moreover, one of the adhesives having mutually dif- 
ferent hardness levels is an epoxy adhesive widely 

20 adopted, and the other adhesive is a silicon adhesive 
widely adopted. The adhesives are therefore readily 
available. This leads to the merit that great freedom is 
ensured in selection of adhesives meeting the safety 
standards for a power transformer, for example, the 

25 standard of the UL standards stipulating an incombusti- 
ble material. 

Moreover, one of the adhesives having mutually dif- 
ferent hardness levels is a thermosetting epoxy adhe- 
sive and the other adhesive is a thermoplastic hot-melt 

30 adhesive. The adhesives can be, if necessary, applied 
afterward to a transformer purchased as a normal com- 
ponent in the assembling process for a power supply. 
There is therefore the merit that an existing transformer 
can be used as it is. 

35 Moreover, the hot-melt adhesive is made of a mate- 
rial that has been employed in the past. The adhesive 
can be used readily with safe in the course of a produc- 
tion line. Besides, one of the adhesives having mutually 
different hardness levels is an epoxy adhesive and the 

40 other is the varnish with which the transformer is 
impregnated and which serves as an affixing means. 
When the varnish permeates through the gaps between 
the core and bobbin, the core and bobbin are affixed to 
each other on a planar basis. Although a phenomenon 

45 that a transformer makes a sound at a natural frequency 
is likely to occur when fixation is attained using adhe- 
sives alone, the phenomenon will not take place. This 
provides the merit that a countermeasure against a 
drop can be taken inexpensively. 

so After the transformer is impregnated with the var- 
nish, the hot-melt adhesive is applied to a portion of the 
transformer which is not secured with the epoxy adhe- 
sive. This provides the merit that the anti-drop strength 
of the transformer is further intensified. 

55 As described so far, according to the present inven- 
tion, there are provided a transformer assembling 
method, a transformer, and a transformer-mounted sub- 
strate in which the arrti -breakdown strength of a trans- 
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former can be improved while the strength thereof 
against a drop is intensified, the performance of a fernte 
core can be drawn out fully, the transformer can be 
designed to be compact and lightweight, and the core of 
the transformer can be protected from cracking due to a 
cyclic change in temperature of the transformer occur- 
ring when the transformer is actuated for power supply. 

The present invention is not limited to the above 
embodiments and various changes and modifications 
can be made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the scope 
of the present invention the following claims are made. 

Claims 

1 . A transformer assembling method for producing a 
transformer by assembling a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, compris- 
ing: 

an affixing step of firmly affixing both or either 
of said primary winding fixture and secondary 
winding fixture to said ferromagnetic core using 
a thermosetting adhesive. 

2. A transformer assembling method according to 
claim 1 , wherein at said affixing step, said thermo- 
setting adhesive is applied for firm affixing to a plu- 
rality of regions formed between collars of said 
primary winding fixture and secondary winding fix- 
ture and surfaces of said ferromagnetic core paral- 
lel to said openings of said bore. 

3. A transformer assembling method according to 
claim 1 , wherein at said affixing step, said thermo- 
setting adhesive is applied for firm affixing to a plu- 
rality of regions formed between the side surfaces 
of said primary winding fixture and secondary wind- 
ing fixture lying in the longitudinal direction of said 
bore and the side surfaces of said ferromagnetic 
core lying in the longitudinal direction of said bore. 

4. A transformer assembling method according to 
claim 1 , wherein at said affixing step, said thermo- 
setting adhesive is applied for firm affixing to a plu- 
rality of regions formed between the inner surfaces 
of said primary winding fixture and secondary wind- 
ing fixture which are opposed to each other and the 
bottom of said ferromagnetic core opposed to a 
substrate when said transformer is mounted on 
said substrate. 



5. A transformer assembling method according to 
claim 1, wherein at said affixing step, said ferro- 
magnetic core is moved toward said secondary 
winding fixture or primary winding fixture, and then 

5 said thermosetting adhesive is applied for firm affix- 

ing to regions formed between the inner surface of 
said secondary winding fixture and the bottom of 
said ferromagnetic core opposed to a substrate 
when said transformer is mounted on said sub- 

7 0 strate. 

6. A transformer assembling method according to 
claim 1 , wherein said affixing step includes a step of 
impregnating said transformer with a varnish after 

is firm affixing is completed. 

7. A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 

20 and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, charac- 

25 terized in that: 

both or either of said primary winding fixture 
and secondary winding fixture is firmly affixed 
to said ferromagnetic core using a thermoset- 
30 ting adhesive. 

8. A transformer according to claim 7, wherein said 
thermosetting adhesive is applied for firm affixing to 
a plurality of regions formed between collars of said 

35 primary winding fixture and secondary winding fix- 
ture and the surfaces of said ferromagnetic core 
parallel to said openings of said bore. 

9. A transformer according to claim 7, wherein said 
40 thermosetting adhesive is applied for firm affixing to 

a plurality of regions formed between the side sur- 
faces of said primary winding fixture and secondary 
winding fixture lying in the longitudinal direction of 
said bore and the side surfaces of said ferromag- 
45 netic core lying in the longitudinal direction of said 
bore 

10. A transformer according to claim 7, wherein said 
thermosetting adhesive is applied for firm affixing to 

50 a plurality of regions formed between the inner sur- 
faces of said primary winding fixture and secondary 
winding fixture which are opposed to each other 
and the bottom of said ferromagnetic core opposed 
to a substrate when said transformer is mounted on 

55 said substrate. 

11. A transformer according to claim 7, wherein said 
ferromagnetic core is moved toward said secondary 
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winding fixture or primary winding fixture, and then 
said thermosetting adhesive is applied for firm affix- 
ing to regions formed between the inner surface of 
said secondary winding fixture and the bottom of 
said ferromagnetic core opposed to a substrate 
when said transformer is mounted on said sub- 
strate 

12. A transformer according to claim 7, wherein said 
transformer is impregnated with a varnish after firm 
affixing is completed. 

1 3. A transformer-mounted substrate that is a substrate 
on which a transformer comprising a bobbin formed 
by uniting a winding member, which has a primary 
winding and secondary winding and a bore formed 
thereon and therein, with a primary winding fixture 
and secondary winding fixture adjoining the open- 
ings of said bore, and a ferromagnetic core having 
a core portion thereof inserted into said bore and 
including an enclosure for enclosing said windings 
is mounted, characterized in that: 

both or either of said primary winding fixture 
and secondary winding fixture is firmly affixed 
to said ferromagnetic core using a thermoset- 
ting adhesive. 

14. A transformer-mounted substrate according to 
claim 13, wherein said thermosetting adhesive is 
applied for firm affixing to a plurality of regions 
formed between collars of said primary winding fix- 
ture and secondary winding fixture and surfaces of 
said ferromagnetic core parallel to said openings of 
said bore. 

15. A transformer-mounted substrate according to 
claim 13, wherein said thermosetting adhesive is 
applied for firm affixing to a plurality of regions 
formed between the side surfaces of said primary 
winding fixture and secondary winding fixture lying 
in the longitudinal direction of said bore and the 
side surfaces of said ferromagnetic core lying in the 
longitudinal direction of said bore. 

16. A transformer-mounted substrate according to 
claim 13, said thermosetting adhesive is applied in 
advance for firm affixing to a plurality of regions 
formed between the inner surfaces of said primary 
winding fixture and secondary winding fixture which 
are opposed to each other and the bottom of said 
ferromagnetic core opposed to a substrate when 
said transformer is mounted on said substrate 

17. A transformer-mounted substrate according to 
claim 13, wherein said ferromagnetic core is moved 
toward said secondary winding fixture or primary 
winding fixture, and then said thermosetting adhe- 



sive is applied for firm affixing to regions formed 
between the inner surface of said secondary wind- 
ing fixture and the bottom of said ferromagnetic 
core opposed to a substrate when said transformer 
5 is mounted on said substrate. 

18. A transformer-mounted substrate according to 
claim 13, wherein said transformer is impregnated 
with a varnish after firm affixing is completed. 

io 

19. A transformer-mounted substrate according to 
claim 13, wherein said substrate is a substrate for a 
power supply to be incorporated in an equipment. 

15 20. A transformer assembling method for producing a 
transformer by assembling a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 

20 ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, compris- 
ing: 

25 

a placement step of placing a base material 
used to form an impact absorbent in spaces 
formed between said primary winding fixture 
and secondary winding fixture and said ferro- 
30 magnetic core; and 

an impregnation step of impregnating said 
transformer with an impregnation material such 
as a varnish. 

35 21. A transformer assembling method according to 
claim 20, wherein an elastic material that is an iso- 
lating member shaped to substantially occupy each 
of said spaces is used as said base material. 

40 22. A transformer assembling method according to 
claim 20, wherein an elastic material that is an iso- 
lating member shaped to create a gap in each of 
said spaces after placed in the space is used as 
said base material, and said impregnation material 

45 is permeated through said gaps at said impregna- 
tion step. 

23. A transformer assembling method according to 
claim 22, wherein a nonwoven fabric or woven fab- 

50 ric to be actively impregnated with said impregna- 

tion material in the same manner as capillary 
circulation is placed in said gaps 

24. A transformer assembling method according to 
55 claim 21 , wherein said elastic material is an elastic 

material for industrial use such as a silicon elas- 
tomer. 
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25. A transformer assembling method according to 
claim 20, wherein a nonwoven fabric or woven fab- 
ric to be actively impregnated with said impregna- 
tion material in the same manner as capillary 
circulation and placed in said spaces is used as 5 
said basic material 

26. A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 1c 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a lerromagnetic core having a core 
portion thereof inserted into said bore and including 

an enclosure for enclosing said windings, charac- is 
terized in that: 

a basic material used to form an impact 
absorbent is placed in spaces formed between 
said primary winding fixture and secondary 20 
winding fixture and said ferromagnetic core; 
and 

said transformer is impregnated with an 
impregnation material such as a varnish. 

25 

27. A transformer according to claim 26, wherein an 
elastic material that is an isolating member shaped 
to substantially occupy each of said spaces after 
placed in the space is used as said basic material. 

30 

28. A transformer according to claim 26, wherein an 
elastic material that is an isolating member shaped 
to create a gap in each of said spaces after placed 
in the space is used as said basic material, and 
said impregnation material is permeated through 35 
said gaps at an impregnation step. 

29. A transformer according to claim 28, wherein a non- 
woven fabric or woven fabric to be actively impreg- 
nated with said impregnation material in the same 40 
manner as capillary circulation is placed in said 
gaps. 

30. A transformer according to claim 27, wherein said 
elastic material is an elastic material for industrial 45 
use such as a silicon elastomer. 

31 . A transformer according to claim 26, wherein a non- 
woven fabric or woven fabric to be actively impreg- 
nated with said impregnation material in the same 50 
manner as capillary circulation and placed in said 
spaces is used as said basic material. 

32. A transformer-mounted substrate that is a substrate 

on which a transformer comprising a bobbin formed 55 
by uniting a winding member, which has a primary 
winding and secondary winding and a bore formed 
thereon and therein, with a primary winding fixture 
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and secondary winding fixture adjoining the open- 
ings of said bore, and a ferromagnetic core having 
a core portion thereof inserted into said bore and 
including an enclosure for enclosing said windings 
is mounted, characterized in that: 

a basic material used to form an impact 
absorbent is placed in spaces formed between 
said primary winding fixture and secondary 
winding fixture and said ferromagnetic core; 
and 

a transformer impregnated with an impregna- 
tion material such as varnish is mounted 

33. A transformer-mounted substrate according to 
claim 32, wherein an elastic material that is an iso- 
lating member shaped to substantially occupy each 
of said spaces is used as said basic material 

34. A transformer- mounted substrate according to 
claim 32, wherein an elastic material that is an iso- 
lating member shaped to create a gap in each of 
said spaces after placed in the space is used as 
said basic material, and a transformer having said 
impregnation material permeated through said 
gaps at an impregnation step is mounted. 

35. A transformer-mounted substrate according to 
claim 34, wherein a transformer having a nonwoven 
fabric or woven fabric, which is to be actively 
impregnated with said impregnation material in the 
same manner as capillary circulation, placed in said 
gaps is mounted. 

36. A transformer- mounted substrate according to 
claim 33, wherein a transformer using an elastic 
material for industrial use such as a silicon elas- 
tomer as said elastic material is mounted. 

37. A transformer-mounted substrate according to 
claim 32, wherein a transformer using a nonwoven 
fabric or woven fabric, which is to be actively 
impregnated with said impregnation material in the 
same manner as capillary circulation and placed in 
said spaces, as said basic material is mounted. 

38. A transformer- mounted substrate according to 
claim 32, wherein said substrate is a substrate for a 
power supply to be incorporated in an equipment. 

39. A transformer assembling method for producing a 
transformer by assembling a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 



23 



BNSDOCID <E= 0859384A1 ; > 



45 EP 0 859 384 A1 ^ r 46 



an enclosure for enclosing said windings, compris- 
ing: 

an affixing step of using a thermoplastic adhe- 
sive to affix the outer circumferences of said 
windings opposed to the components -mounted 
surface of a substrate to said ferromagnetic 
core and to affix said primary winding fixture 
and secondary winding fixture of said bobbin to 
said ferromagnetic core. 

40. A transformer assembling method according to 
claim 39, further comprising an impregnation step 
of impregnating said transformer with an impregna- 
tion material such as a varnish. 

41. A transformer assembling method according to 
claim 39, wherein a hot-melt adhesive including an 
adhesive made of a polypropylene resin is used as 
said thermoplastic adhesive. 

42. A transformer assembling method according to 
claim 39, wherein at said affixing step, said thermo- 
plastic adhesive is applied to valleys formed 
between said outer circumferences of said wind- 
ings and said ferromagnetic core, and to areas link- 
ing the outer surfaces of said primary winding 
fixture and secondary winding fixture and the outer 
surfaces of said ferromagnetic core. 

43. A transformer assembling method according to 
claim 39, wherein at said affixing step, said thermo- 
plastic adhesive is applied to four corners formed 
among the outer circumferences of said windings, 
said ferromagnetic core, and the inner surfaces of 
said primary winding fixture and secondary winding 
fixture which are opposed to each other, and to 
areas linking the outer surfaces of said primary 
winding fixture and secondary winding fixture and 
the outer surfaces of said ferromagnetic core. 

44. A transformer assembling method according to 
claim 39, wherein at said affixing step, said thermo- 
plastic adhesive is applied to valleys formed 
between the outer circumferences of said windings 
and said ferromagnetic core, to regions adjoining 
said valleys between the inner surfaces of said pri- 
mary winding fixture and secondary winding fixture 
which are opposed to each other and the outer cir- 
cumferences of said windings, and to areas linking 
the outer surfaces of said primary winding fixture 
and secondary winding fixture and the outer sur- 
faces of said ferromagnetic core. 

45. A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 



ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, charac- 
5 terized in that: 

a thermoplastic adhesive is used to affix the 
outer circumferences of said windings opposed 
to the components-mounted surface of a sub- 
10 strate to said ferromagnetic core, and to affix 

said primary winding fixture and secondary 
winding fixture of said bobbin to said ferromag- 
netic core. 

75 46. A transformer according to claim 45, wherein said 
transformer is impregnated with an impregnation 
material such as a varnish. 

47. A transformer according to claim 45, wherein a hot- 
20 melt adhesive including an adhesive made of a 

polypropylene resin is used as said thermoplastic 
adhesive. 

48. A transformer according to claim 45, wherein said 
25 thermoplastic adhesive is applied to valleys formed 

between the outer circumferences of said windings 
and said ferromagnetic core, and to areas linking 
the outer surfaces of said primary winding fixture 
and secondary winding fixture and the outer sur- 
30 faces of said ferromagnetic core. 

49. A transformer according to claim 45, wherein said 
thermoplastic adhesive is applied to four corners 
formed among the outer circumferences of said 

35 windings, said ferromagnetic core, and the inner 
surfaces of said primary winding fixture and sec- 
ondary winding fixture which are opposed to each 
other, and to areas linking the outer surfaces of said 
primary winding fixture and secondary winding fix- 

40 ture and the outer surfaces of said ferromagnetic 
core. 

50. A transformer according to claim 45, wherein said 
thermoplastic adhesive is applied to valleys formed 

45 between the outer circumferences of said windings 
and said ferromagnetic core, to regions adjoining 
said valleys between the inner surfaces of said pri- 
mary winding fixture and secondary winding fixture 
which are opposed to each other and the outer cir- 

50 cumferences of said windings, and to areas linking 
the outer surfaces of said primary winding fixture 
and secondary winding fixture and the outer sur- 
faces of said ferromagnetic core. 

55 51 . A transformer-mounted substrate that is a substrate 
on which a transformer comprising a bobbin formed 
by uniting a winding member, which has a primary 
winding and secondary winding and a bore formed 
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thereon and therein, with a primary winding fixture 
and secondary winding fixture adjoining the open- 
ings of said bore, and a ferromagnetic core having 
a core portion thereof inserted into said bore and 
including an enclosure for enclosing said windings 5 
is mounted, characterized in that: 

a thermoplastic adhesive is used to affix the 
outer circumferences of said windings opposed 
to the components-mounted surface of a sub- 10 
strate to said ferromagnetic core, and to affix 
said primary winding fixture and secondary 
winding fixture of said bobbin to said ferromag- 
netic core. 



52. A transformer-mounted substrate according to 
claim 51 , wherein said transformer is impregnated 
with an impregnation material such as a varnish. 

53. A transformer-mounted substrate according to 
claim 51 , wherein a hot-melt adhesive including an 
adhesive made of a polypropylene resin is used as 
said thermoplastic adhesive. 

54. A transformer-mounted substrate according to 
claim 51, wherein said thermoplastic adhesive is 
applied to valleys formed between the outer circum- 
ferences of said windings and said ferromagnetic 
core and to areas linking the outer surfaces of said 
primary winding fixture and secondary winding fix- 
ture and the outer surfaces of said ferromagnetic 
core. 

55. A transformer-mounted substrate according to 
claim 51, wherein said thermoplastic adhesive is 
applied to four corners formed among the outer cir- 
cumferences of said windings, said ferromagnetic 
core, and the inner surfaces of said primary winding 
fixture and secondary winding fixture which are 
opposed to each other, and to areas linking the 
outer surfaces of said primary winding fixture and 
secondary winding fixture and the outer surfaces of 
said ferromagnetic core. 

56. A transformer-mounted substrate according to 
claim 51, wherein said thermoplastic adhesive is 
applied to valleys formed between the outer circum- 
ferences of said windings and said ferromagnetic 
core, to regions adjoining said valleys between the 
inner surfaces of said primary winding fixture and 
secondary winding fixture which are opposed to 
each other and the outer circumferences of said 
windings, and to areas linking the outer surfaces of 
said primary winding fixture and secondary winding 
fixture and the outer surfaces of said ferromagnetic 
core. 

57. A transformer-mounted substrate according to 



claim 51, wherein said components-mounted sub- 
strate is a substrate for a power supply to be incor- 
porated in an equipment. 

58. A transformer assembling method for producing a 
transformer by assembling a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, compris- 
ing: 

an affixing step of affixing said ferromagnetic 
core to said primary winding fixture and sec- 
ondary winding fixture. 

20 59. A transformer assembling method according to 
claim 58, wherein at said affixing step, a thermoset- 
ting adhesive is used. 

60. A transformer assembling method according to 
25 claim 59, wherein said thermosetting adhesive is an 

epoxy adhesive. 

61. A transformer assembling method according to 
claim 60, wherein the coefficient of linear expansion 

30 of said epoxy adhesive is equalized with that of said 
ferromagnetic core or set to a coefficient of linear 
expansion making it possible to prevent said core 
from cracking due to a cyclic change in temperature 
dependent on the use state of said transformer. 

35 

62. A transformer assembling method according to 
claim 58, wherein said thermosetting adhesive is a 
silicone adhesive. 

40 63. A transformer assembling method according to 
claim 58, wherein said thermosetting adhesive is an 
incombustible adhesive. 

64. A transformer assembling method according to 
45 claim 58, further comprising an impregnation step 
of impregnating said transformer with an impregna- 
tion means such as a varnish after said affixing step 
is completed. 

so 65. A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
55 said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, charac- 
terized in that: 
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said ferromagnetic core is affixed to said pri- 
mary winding fixture and secondary winding 
fixture. 

66. A transformer according to claim 65, wherein a 5 
thermosetting adhesive is used for affixing. 

67. A transformer according to claim 66, wherein said 
thermosetting adhesive is an epoxy adhesive. 

ic 

68. A transformer according to claim 67, wherein the 
coefficient of linear expansion of said epoxy adhe- 
sive is equalized with that of said ferromagnetic 
core, or set to a coefficient of linear expansion mak- 
ing it possible to prevent said core from cracking 15 
due to a cyclic change in temperature dependent 

on the use state of said transformer. 

69. A transformer according to claim 66, wherein said 
thermosetting adhesive is a silicon adhesive. 20 

70. A transformer according to claim 66, wherein said 
thermosetting adhesive is an incombustible adhe- 
sive. 

25 

71. A transformer according to claim 65, wherein said 
transformer is impregnated with an impregnation 
means such as a varnish after affixing is completed. 

72. A transformer-mounted substrate that is a substrate 30 
on which a transformer comprising a bobbin formed 

by uniting a winding member, which has a primary 
winding and secondary winding and a bore formed 
thereon and therein, with a primary winding fixture 
and secondary winding fixture adjoining the open- 35 
ings of said bore, and a ferromagnetic core having 
a core portion thereof inserted into said bore and 
including an enclosure for enclosing said windings 
is mounted, characterized in that: 

40 

a transformer having said ferromagnetic core 
affixed to said primary winding fixture and sec- 
ondary winding fixture is mounted. 

73. A transformer-mounted substrate according to 45 
claim 72, wherein a thermosetting adhesive is used 

for affixing. 

74. A transformer-mounted substrate according to 
claim 73, wherein said thermosetting adhesive is an sc 
epoxy adhesive. 

75. A transformer-mounted substrate according to 
claim 74, wherein the coefficient of linear expansion 

of said epoxy adhesive is equalized with that of said 55 
ferromagnetic core, or set to a coefficient of linear 
expansion making it possible to prevent said core 
from cracking due to a cyclic change in temperature 



dependent on the use state of said transformer 

76. A transformer-mounted substrate according to 
claim 73, wherein said thermosetting adhesive is a 
silicon adhesive 

77. A transformer- mounted substrate according to 
claim 73, wherein said thermosetting adhesive is an 
incombustible adhesive. 

78. A transformer-mounted substrate according to 
claim 72, wherein said transformer is impregnated 
with an impregnation means such as a varnish after 
affixing is completed 

79. A transformer-mounted substrate according to 
claim 72, wherein said substrate is a substrate for a 
power supply to be incorporated in an equipment. 

80. A transformer assembling method for producing a 
transformer by assembling a bobbin formed by unit- 
ing a winding member, which has a primary winding 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 
an enclosure for enclosing said windings, charac- 
terized in that: 

at an affixing step of affixing said ferromagnetic 
core to said primary winding fixture and sec- 
ondary winding fixture, a first adhesive and 
second adhesive having mutually different 
hardness levels are used. 

81. A transformer assembling method according to 
claim 80, wherein said first adhesive and second 
adhesive are thermosetting adhesives. 

82. A transformer assembling method according to 
claim 81, wherein said first adhesive is an epoxy 
adhesive and said second adhesive is a silicon 
adhesive. 

83. A transformer assembling method according to 
claim 80, wherein said first adhesive is a thermoset- 
ting adhesive and said second adhesive is a ther- 
moplastic adhesive. 

84. A transformer assembling method according to 
claim 80, wherein said thermosetting adhesive is an 
epoxy adhesive and said thermoplastic adhesive is 
a hot-melt adhesive. 

85. A transformer assembling method according to 
claim 80, wherein said first adhesive is an epoxy 
adhesive and a varnish with which said transformer 
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is impregnated is used as said second adhesive. 

86. A transformer assembling method according to 
claim 85 wherein a hot-melt adhesive is applied to 
said primary winding fixture or secondary winding 5 
fixture that is not secured using said epoxy adhe- 
sive after impregnation is completed 

87. A transformer comprising a bobbin formed by unit- 
ing a winding member, which has a primary winding id 
and secondary winding and a bore formed thereon 
and therein, with a primary winding fixture and sec- 
ondary winding fixture adjoining the openings of 
said bore, and a ferromagnetic core having a core 
portion thereof inserted into said bore and including 15 
an enclosure for enclosing said windings, charac- 
terized in that: 

a first adhesive and second adhesive having 
mutually different hardness levels are used to 20 
affix said ferromagnetic core to said primary 
winding fixture and secondary winding f ixture. 

88. A transformer according to claim 87, wherein said 
first adhesive and second adhesive are thermoset- 25 
ting adhesives. 

89. A transformer according to claim 88, wherein said 
first adhesive is an epoxy adhesive and said sec- 
ond adhesive is a silicon adhesive. 30 

90. A transformer according to claim 89, wherein said 
first adhesive is a thermosetting adhesive and said 
second adhesive is a thermoplastic adhesive. 

35 

91. A transformer according to claim 90, wherein said 
thermosetting adhesive is an epoxy adhesive and 
said thermoplastic adhesive is a hot-melt adhesive. 

92. A transformer according to claim 89, wherein said 40 
first adhesive is an epoxy adhesive and a varnish 
with which said transformer is impregnated is used 

as said second adhesive. 

93. A transformer according to claim 92, wherein a hot- 45 
melt adhesive is applied to said primary winding fix- 
ture or secondary winding fixture that is not secured 
using said epoxy adhesive after impregnation is 
completed 

50 

94. A transformer-mounted substrate that is a substrate 
on which a transformer comprising a bobbin formed 
by uniting a winding member, which has a primary 
winding and secondary winding and a bore formed 
thereon and therein, with a primary winding fixture 55 
and secondary winding fixture adjoining the open- 
ings of said bore, and a ferromagnetic core having 

a core portion thereof inserted into said bore and 
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including an enclosure for enclosing said windings 
is mounted, characterized in that: 

a transformer using a first adhesive and sec- 
ond adhesive having mutually different hard- 
ness levels at an affixing step of affixing said 
ferromagnetic core to said primary winding fix- 
ture and secondary winding fixture is mounted. 

95. A transformer-mounted substrate according to 
claim 94, wherein said first adhesive and second 
adhesive are thermosetting adhesives. 

96. A transformer- mounted substrate according to 
claim 94, wherein said first adhesive is an epoxy 
adhesive and said second adhesive is a silicon 
adhesive. 

97. A transformer-mounted substrate according to 
claim 94, wherein said first adhesive is a thermoset- 
ting adhesive and said second adhesive is a ther- 
moplastic adhesive. 

98. A transformer-mounted substrate according to 
claim 97, wherein said thermosetting adhesive is an 
epoxy adhesive and said thermoplastic adhesive is 
a hot-melt adhesive. 

99. A transformer-mounted substrate according to 
claim 97, wherein said first adhesive is an epoxy 
adhesive and a varnish with which a transformer is 
impregnated is used as said second adhesive. 

100. A transformer-mounted substrate according to 
claim 99, wherein a hot-melt adhesive is applied to 
said primary winding fixture or secondary winding 
fixture that is not secured using said epoxy adhe- 
sive after impregnation is completed. 

101. A transformer-mounted substrate according to 
claim 94, wherein said substrate is a substrate for a 
power supply to be incorporated in an equipment or 
a substrate for a power supply formed as an AC 
adaptor. 

102. A power supply unit including a components- 
mounted substrate on which a transformer is 
mounted, characterized in that: 

said components- mounted substrate is incor- 
porated in a containing means including lock- 
ing members for immobilizing and locking said 
components-mounted substrate in a direction 
parallel to the components -mounted surface of 
said components-mounted substrate, and 
restraining members that when an impact load 
is applied in a direction substantially orthogo- 
nal to said components-mounted surface, 



27 



BNSDOC'D <E- 0859384A1 ' > 



53 EP 0 859 384 A1 54 



allows said components- mounted substrate to 
be displaced by a given magnitude and thus 
absorb an impact, and that restrains a dis- 
placement whose magnitude is equal to or 
larger than said given magnitude so as to dis- 5 
perse the load. 

103. A power supply unit according to claim 102, 
wherein said containing means is composed of an 
upper case and lower case to be separated up and ic 
down from each other with said substrate between 
them, said locking members are extending from 
said upper case and lower case, said restraining 
members are formed as supporting members 
extending from said upper case and lower case so 15 
that said restraining members can be separated 
from said components-mounted substrate by a dis- 
tance corresponding to said given magnitude and 
sunk among the mounted components including 
said transformer. 20 

104. A power supply unit according to claim 102, 
wherein said containing means is composed of an 
upper case and lower case to be separated up and 
down from each other with said substrate between 25 
them, said locking members are extending from 
said upper case and lower case, and said restrain- 
ing members are realized by preserving a distance 
corresponding to said given magnitude between 

the inner surfaces of said upper case and lower 3c 
case, and the ends of the mounted components 
and the ends of leads used to mount the compo- 
nents. 

105. A power supply unit according to claim 104, 35 
wherein radiating plates are included in said 
mounted components. 

106. A power supply unit according to claim 102, 
wherein dummy lands to be united with or sepa- 4c 
rated from a pattern to be printed are formed on 
said components-mounted substrate, and the 
strength of the surface of said substrate is rein- 
forced by coating the surface with solder during 
flowing or ref lowing in order to improve rigidity. 45 

107. A recording apparatus having a power supply unit 
including a components-mounted substrate on 
which a transformer is mounted, said power supply 
unit characterized in that: sc 

said components-mounted substrate is incor- 
porated in a containing means including lock- 
ing members for immobilizing and locking said 
components- mounted substrate in a direction 55 
parallel to the components-mounted surface of 
said components -mounted substrate, and 
restraining members that when an impact load 



is applied in a direction substantially orthogo- 
nal to the components -mounted surface, allows 
said components- mounted substrate to be dis- 
placed by a given magnitude and thus absorb 
an impact, and that restrains a displacement 
whose magnitude is equal to or larger than said 
given magnitude so as to disperse the load; 
and 

a connecting means is included for making it 
possible to freely attach or detach said contain- 
ing means to or from a power supply stowage 
of said recording apparatus and for mechani- 
cally and electrically connecting said contain- 
ing means. 

108. A recording apparatus including a power supply 
unit according to claim 107, characterized in that: 

said containing means is composed of an 
upper case and lower case to be separated up 
and down from each other with said substrate 
between them, said locking means are extend- 
ing from said upper case and lower case, and 
said restraining members are formed as sup- 
porting members extending from said upper 
case and lower case so that said restraining 
members can be separated from said compo- 
nents-mounted substrate by a distance corre- 
sponding to said given magnitude and sunk 
among the mounted components including 
said transformer. 

109. A recording apparatus including a power supply 
unit according to claim 107, characterized in that: 

said containing means is composed of an 
upper case and lower case to be separated up 
and down from each other with said substrate 
between them, said locking means are extend- 
ing from said upper case and lower case, and 
said restraining members are realized by pre- 
serving a distance corresponding to said given 
magnitude between the inner surfaces of said 
upper case and lower case, and the ends of the 
mounted components including said trans- 
former and the ends of leads used to mount the 
components. 

110. A recording apparatus including a power supply 
unit according to claim 107, wherein radiating 
plates are included in said mounted components. 

111. A recording apparatus including a power supply 
unit according to claim 107. wherein dummy lands 
united with or separated from a pattern to be 
printed are formed on said components -mounted 
substrate, and the strength of the surface of said 
substrate is reinforced by coating the surface with 
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solder during flowing or reflowing in order to 
improve rigidity. 

11 2. A recording apparatus including a power supply 
unit according to claim 107. wherein said recording 5 
apparatus includes an ink-jet recording head for jet- 
ting ink for recording, and includes an AC adaptor 

or power supply in one united body at user s 
employ. 

w 

113. A recording apparatus including a power supply 
unit according to claim 112, wherein said recording 
head is a recording head for jetting ink using heat 
energy, and includes a heat energy transducer for 
generating heat energy to be applied to ink. is 
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